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PREFACE TO THE FIFTH EDITION. 

The revision of this book was undertaken with the idea of 
IningiDg it into accord with tlie later developments of phy^- 
ologr, of simplifying the treatment of some parts, of expand- 
ing that of othets, and of enriching the text with additional 
illustrations. Every effort has been made to avoid injuring 
those features of Professor Martin's work which have made 
the book so fevorably known. 

The changes in the first nine chapters are largely verbal ; 
in the tenth and succeeding chapters, however, consider- 
able alterations and additions have been made ; Chapter 
XX. has Xnxa entirely rewritten, and Chapter XXIII. and 
an Appendix on Emergencies have been added. The Chap- 
ter on Ifarcotics, transferred to the appendix is retained 
against the best judgment of the reviser, who believes that 
the questions involved are ethical and not physiological ; it 
stands as Professor Martin wrote it, except that the para- 
graphs on certain drugs have been omitted. 

The directions for demonstrations and experiments have 
been greatly enlarged and collected into an Appendix. 'I'hey 
include the new requirements in Anatomy, Pliysiology and 
Hygiene, for admission to Harvard College and the Law- 
rence Scientific School. It is hoped tliat teachers will 
reci^nize the importance of practical work in physiology as 
in other sciences. 

ill 



iv 
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In atrcoidaucc with Professor Martin's own judgment, the 
questions at the foot of the page have been omitted. 

I have been inilebted for practical suggestions to Dr. 
Mai^aret £. Wilson, or the Normal College, New York City. 

G. W. F. 

Cambbiixib, Maei., 
August. jSgS. 
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ent. It should prrjjare the student in another way for tlie 
work of subsequent daily life, by training the observing and 
reasoning faculties. 

As a department of science, modern Physiology is con- 
trolled mainly by two leading generalisations — the doctrine 
of the " Conservation of Energy " and that of the " Physio- 
logical division of labor." I have endeavored in this, as in 
the larger book, to keep prominent these leading principles ; 
and, so far as is possible in an elementary book, to ediibit 
the ascertained facts of Physiology as illustrations of or de- 
ductions from theui. 

The anatomical and physiological facts whii h can be de- 
scribed in books of the size of the present must be pretty 
mttch the same in all. Apart from the attempt above men- 
tioned to make elementary Physiology a more useful educa- 
tional instrument than it has frequently hitherto been, the 
present volume differs from most others of its grade in hav- 
ing, as footnotes or as appendices to the chapters, simple 
practical directions, assisting a teacher to demonstrate to his 
class certain fundamental things. The demonstrations and 
experiments desi^ribi il iie< i'Shilale Ihc iiidiclioii of pain on no 
animal, and require- llic death of mi ircaiiire higher than a 
frog, except such superfluous kittens, puppies, and rats as 
would be killed in any case, and usually by methods much 
less merciful than those prescribed in the following pages. 
The practical directions are, for the most [art, reprints from 
a series of such which I drew up some years ago for a class 
composed of Baltimore teachers; those ex|)erimcnls which 
require costly apparatus have, of course, been omitted. 'ITie 
interest which my "Teachers' C'lass" took in ils work, and 
the good use ils members subsequently made of it, have en- 
couraged nie to believe that other? might be glad of a few 
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hints as to things suitable to show to young students of 

Physiology. 



It mav be well to anticipate 


a possible object 




persons, some of them worthy 




: that no ex- 


penmcnts on an animal can 




jla-ss without 


hardeninfi the hearts ol operati 







in accordance with the riireetLoiis given in the tollowing 
pages, the animal is anaisthctiicci and while in that condition 
IS killed or its hrain destroyed. Ihis, from an expctience of 
more than filteen years in the teaiihini; of practical physi- 
ology, I know to be not so. bo far as the experiments de- 
scribed in the present hook arc conierned. their ctTcct is most 
certainly humanizing, \ouny people are apt to be. not cal- 
lous, hut thoughtless as to the inthctioii of pain. When they 
see their teacher take trouble to kill even a frog painlessly, 
they have brought to their attention in a way sure to impress 
them, the fact that the susceptibility of the lower animals to 
pain IS a reality, and its infliction something to be avoided 
whenever possible. 

As the question of size is no unimportant one in relation 
to textbooks designed for junior students with nianv other 
subjects to learn, I may be permitted to say that though thi.'s 
volume contains more pages than most of those with which it 
will have to compete, I believe it is not really larger. The 
extra pages are due, m part to the above-mentioned appen- 
dices to the chapters, and in part to the great number and 
large size of the figures. My publishers had on hand electro- 
types of the figures of the octavo edition, and have been ahle 
to utilize them in illustrating this briefer one much better 
than most textbooks of its scope, without i>roportionately in- 
creasing Its price. 

If I had relied solely on my own judgment the questions 
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at the foe 

was strongiv reureseiiteo lo me uv mose whose ooimon i. had 

student tc> icrfti wjiiruier Jic iiari ninsiereu Jiis lussuci. anu \aa.i 
teachers WHO <iimikc(i such Drearrnnueu oiiesiiuns cuiiia anci 
would ignore ihem. j. none mat me pupiis win use me 
questions aiiu inai iiieir it'ai^inTs win iioi. 

Before coi3Ci\iaiiiL', i uiiisi t^xiin-iii iiiv KmriTi: inaiiKs lo 
Miss Frances i . Bauman. who has given mc rne ricneni of 
her many 

She kindly R-aci a laiL'e iioinon oi me jiianiiscriric, and i;avc 



me much advice of which I have been glad to avail myself. 
I have also to acknowledge my indebtedness to Mr, W, H. 
Howell, Fellow of the Johns Hopkins Univeisity, who has 
corrected most of the proof-sheets and prepared the Index, 
H. N. M. 

Johns Hopkins University, 
Angust 10, 1883. 
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CHAPTER I. 



THE GENERAL STRUCTURE AND ARRANGEMENT OF THE 



Human Physiology is that department of science which 
has for Its object the discovery and accurate description of 
the properties and actions of the livinj; healthy human body, 
and the nsas, ot the funciions, of its \'arious parts. Physi- 
ologists endeavor to find out the work of the body as a 
whole, and of each of its parts, and the conditions under 
winch this work js best performed. Upon this study is based 
the science of Hygiene, which is concerned with the laws 
and conditions of health. 

Anatomy, — Clearly, to discover the use and mode of 
working of each part of the body we must learn about the 
parts; this sliidv is Human Ana/oniy. When the body is 
examined from without, it is seen to be a complicated .slruo 
ture with lis head and neLk. trunk and limbs, and the many 
smaller but distinct parts which cntor into the formation of the 
larger ones, as eye-s, nose, cars, and mouth lo form the face. 
Dissected, its i onipU-\ity is seen to be far greater; we then 
learn that it is made up of many hundreds of diverse parts, 
each having its own form, structure, and purpose, but all 
working harmoniously together in health, 
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Summary. — Anatomy deals with the form, sttuctuie, anti 
connections of the parts of tlie body ; Physiology with the 
uses, or functions, of the parts, and the manner of their 
working ; Hygiene with the conditions of life which promote 
the healtli of ihe body. 

UicroBCOpic Anatomy or Histology. — Examination of 
the body's surface shows that a number of different materials 
enter into its formation, such as hair, nails, skin, and teeth. 
Rv feeline through the skin, we find harder and .lofler solid 
masses beneath ; by piercing it, we find liquid blood. 

A closer examination of any of its jiarts, as the hand, dis- 
closes the same variety of materials. We see the shn and 
naih; when the skin is dissected off we find yellowish-white 
fat ; beneath tiie fat lies a number of soft red nia,sses, the 
muscles (which correspond to the lean of meat); nnder the 
muscles, again, are hard, whitish bones ; the ends of bones 
which form the joints are covered by still another substance, 
gristle or cartilage. Finally, binding skin, fat, muscles, and 
bone together, we discover a tough stringy material, different 
from all, which is called connective tissue. If we take any 
' other portion of the body, as the foot, we arrive at a similar 
result ; it, too, is made up of a number of different materials, 
or tissues, which, though in this case identical with those 
found in the band, are arranged in a different way so as to 
perform another function (just wood and nails may be used 
to build a house or a bridge, but are put together in a differ- 
ent manner in the two cases) ; or we lind, as in the eye, 
some identical and some quite different materials. 

That branch of imntomy which deals with the arrange- 
ment of the materials used in the construction of the parts of 
■ the body is called hiitology, or, ^^Inte it is mainly carried on 
with the aid of the microscope,- m/crrt.(co/ie anatomy. 
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lilfOM. — Each of the primary building materials which 
can be recognized, either with or without the microscope, as 
entering into the eonstniction of the body, is tailed a tissue j 
we speak, for example, of muscular tissue, fatly tissue, bony 
tissue, cartilaginous tissue, ^nd so forth ; each tissue has cer- 
tain properties in which it difTerS from all the rest, and which 
it preserves in whatever part of the body'it may be found. 
It is also, when examined with a microscope, characterized 
by certain appearances which are always the same for the 
same tissue 'no matter where it is found. The total ' number 
of important tissues is not great ; the variety in structure and 
use which we find in the [larts of the body depends mainly 
■'on the diverse ways in which the tissues are combined. 

. ^ Organs. — Each distirict [lortion of the body with a spe- 
/ cial use or function is called an organ j thus, the hand is an 

' organ of prehension ; the eye, the organ of sight ; the stom- 
ach, an organ of digestion ; and so forth. 

' Summary. — The human body is made up of a limited 

, . number of rtjjaw ;* each tissue has a characteristic appear- 
ance, by which it can he recognized with the microscope, 
, and one or more distinctive properties which fit it for some 
special use; thus, it may be lough, and suited for bindihg 
other parts together; or rigid, and adapted to preserve the 
shape of the body ; or have the power of contracting and 
- thus of moving parts to which its ends are attached. 

* The varioos tissues of the bodr will be considered in mart detail 
In eonnectlcin wfth the stady of the special organs. Tbe more important 
are i I. Bony tissue. 3. Cartilaginoos tissue. 3. White, fibrous con- 
nectfve tissue. 4. Yellow elastic (issue, j. Glandular tissue, of which 
/ there are many varieties. 6. Respiratory tissues. 7. Fatty tissue. ■ 
8. Sense organ or irritable tissues. 9. Nerve cell tissue, la Nerve 
fibre tissue. 11. Strijx^l inujcular tissue. 12. Unstriped muscular tis- 
sue. 13. Epidemiic anil cj^tlielial tissue. 
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Tlie tissuts are variousi}' combiiieil lo form the organs of 
the body, of whicli there arc very many, differing in size, 
shape, and stnicture ; some organs contain only a few tissues ; 
others, a great many; some posses; only tissues which are 
found a.lso in other organs, others contain oi-.e or more tis- 
sues peculiar to thetnaclves ; but wherever an organ is found, 
it is constructed and jilaced with reference to the performance 
of some duty ; the organs are the machines which are found 
in the factory represented by the body, and the tissues are 
the materials used in building the machines; or, using an- 
other illustration, we may, with Longfellow, comi>are the 
body to a dwelling-house : and then go on to liken the (is- 
sues to the brick, stone, mortar, wood, iron, and glass used 
in building it; and the organs to the walls, floors, ceilings, 
doors, and windows, which, made by combining the primary 
building materials in different ways, have each a purpose of 
their own, and all together make the house. 

The Oeneral Flan on which the Body ii Oonitnicted. — 
When w tL desire to uain a general idea of the structural plan 
of any object we examine, if possible, sections made through 
it in different directions : tne uoianist cuts the stem of the 
plant he is examining lengthwise and crosswise, and studies 
the suT&ces thus laid bare ; the geologist, investigating the 
structure of any portion of the earth's crust, endeavors to 
find exposed surfaces in calions, in railway cuttings, and so 
forth, where he may see the strata deposed in their natural 
relative positions; so, also, the best method of getting a 
good general idea of the way in which the parts of the 
human body are put together is to study them as laid bare \>y 
cuts made in different directions. 

If the whole body is divided into right and left halves, 
the cut surface of the right half resembles Fig. i. Such a 
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6 THE HUMAN BODY. 

fishes, reptiles, birds, and beasts.* Sea anemones, clams, and 
insects, ore invertebrate aaimals, and sections made through 
any of them from the head to the opposite end would show 
nothing like the two maia cavities with a back bone between 
them characteristic of the vertebrates. 

Contents of the Two Chief Ca'vitiei of the Body. — Exam< 
ination of Fig. i shows that the ventral cavity is entirely 
closed, though some of the organs which lie in it are hollow 
and communicate with the exterior. On the head we find 
the nose, i, and the mouth, o, opening on the ventral tide, 
that is, on that surfece of the body next which the ventral 
cavity lies. The nose chamber joins the mouth chamber at 
the throat, from which two tubes run down through the neck 
and enter the ventral cavity. One of these tubes, placed on 
the vcnirnl side of the other, is the 7(iiWj>i!#e. and leads to 
the lungs. / : [lie otiier is tjie guiiei. and leads to thestomach. 
/ From tlie stoniacii another lube. Ihe Mesiine. returns to 
the outside at the lower or posterior -f- ena oi the trunk. 
Mouth, throat, giiiiet. scomacn. and iniesune logeiher lorm 
ike ahmenmrv canat. wnich uegins in tne iiead above or aii- 



end and out at the other, without opening into it at all. 

■ The main groups in wluth nnim:.!^ are art.tncPil arp : i. IWlcbt 
or back-bontd animab. 2. Holbiua, iiidiidiiii; maiK i-lug*, cl! 
Oyllers, clc. 3. ArlhrofoJa, iticludiii;; Iht-s, \\\<,\\\^, tcntipo 



Hid very simple in struclura. 

r^iid of an nnitoal is spoken of as anliriar, and 

ior, no matter wbat may be tUc natuml stand- 
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black, Btar-shaped mass is part of the spinal column. The 
chest cavity is enclosed by the spinal column, the ribs r, r, 
and the breastbone si, and contains the limgs, /, I; the 
heart, li ; the gullet, a % and the sympathetic centres, jfi 0'- 

IheLlmbi. — If our section is made across one of the 
limbs, we find no such arrangement of cavities. Each limb 
has a supporting axis made of one or more bones (as seen at 
U and R, Fig. 3, which represents a section made across the 
forearm near the elboir joint), but soft parts, chiefly muscles, 
are closely packed arotmd this axis, and the whole is en- 
veloped by skin. 

Haa'i Plan among Terteloates. — ^Although man's struc- 
tural plan in its broad features simply indicates that he is a 
vertebtate animal, yet he is much more like some vertebrates 
than otheis. The hair covering hts body, and the oi;gans 
producing milk for the nourishment of the infiint by its 
mother, are entirely absent in fishes, reptiles, and birds, but 
are possessed by ordinary four-footed creatures and by whales, 
bats, and monkeys. The organs which form milk are the 
mammary glands, and all kinds of animals whose females pos- 
sess them are known as Mammalia*! man is, therefore, a 
Mammal. One of the most important characteristics of the 
Mammalia is a cross-pattitioa, called the midriff or ^aphragm, 
{d. Fig. t ) which separates the ventral pavity into an anterior 
and a posterior part; the upper or anterior stoiy is the chest 
or ihoracic cavi^j the lower or posterior, the aidommal cavify. 
The chest contains the heart, lungs, and most of the gullet ; 

* Zoologists classify vertebrate animals in fiy« groups, i. Pimes, in- 
cluding all true fishes, as sharks, eels, salmon, shad, perch, etc., but ex- 
eluding the so-<:a11ed shellfish, as oysters, clams, and lobsters, which arc 
twt Tcrtebrates at all 2. Amfldbitt, frogs, toads, newts, salamanders, 
elc, 3- RipiiStt, lizards, alUgatgrs, turtles, snakes. 4. Avit, birds. J. 
MammaHa, 
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sympathetic nerve centres nm through both alidonien and 
chest, and extend liejond the laller into the net k. 

The ventral cavitj, oijened from the front, but with its 
contents undisturbed, h shown in Fig, 4, We there see, in the 
chest, the lungs and the heart, the latter largely covered hy 
the hmgs. Below the diaphragm is the abdominal cavity, 
containing the liver, the stomach, the intestines, and the 
bladder. 

Bumm&rv.- — Man is a vertebrate animal, berause his bodv 
presents dorsai and venirai caviiies seoaratea irora one another 
by a hard Dartition. ihe dorsai cavjiv contains the brain 
and spinal cord, and reaches into the head. The ventral 
cavity stoDs at the [lotcom 01 inu nL-iK ami 1 on tains the main 
organs 01 <'irciiiaiion. ri'STiiraiioii. jtui iihji siion. 

Man 1 

Mammalia ri) iiL'i.'.aiist.! niK niiiiv ii'i iiivcrci: iiv luir : 1:,'!) di;- 

vcntral ravnv is l oniiiini iv M'i>:ir;iiMi i>v uii: iiiaiinraL'ui iinu 
thorax anil al><l<iiiii':i. 
Thatn 

stands siinrenii- 111 i\u\ wi^riii. itm 111: iiouiiiiii hv no one. 
especially when we conMiier nis iiower oi lorminf concents ot 
right ami wrontr. :i]iii ww leciiiii^ in [iu>mi [cstidiikiiiiiiiv. 11111 

object, a 

according to the degree 01 resemDiance loima Detween them. 



CHAPTER IL 



What Bie the TlHoei l — Having gained some idea of the 
general arrangement of the larger parts of the body, we may 
next consider the minute structure of the tissues. The tissues 
are made up cells* which are so small that a 
can be seen only with the belpof amlcroscope. 
In a fully formed cell (Fig. 5) we find three 
parts: (1) a 3(>^ made up of a soft gran- 
ular substance, protoplasm ; (3} a smaller and 
less granular cell nucleus embedded in the cell 
body; and (3) a tiny dot, the nucleolus, lying 
in the nucleus. Cells vary much in form and 
size, though all are very small. A great many 
float in our blood, and are more or less rounded 
(3). Others are flattened to form thin scales 
as in Fig. 6, which represents cells scraped 
from the peritoneum, the membrane lining the 
wall of the abdomen. Still otheis are elon- 
gated, as c. Fig. 5. If greatly elongated, the cell l>ecomes a 
slender thread, called a fibre j long fibres are often made up of 
these elongated cells, joined end to end. Examples of fibres 
are shown in Figs. 35 and 85. Speaking in general, we may 

* So called from an dd belief that Ihc]' were little bags o 
Host t«tl$ aie really solid or semi.solid tiuougboat. 
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Bay that the whole hndy consists of tiny rells, either rounded 
and thick, flat and thin, or elongated to 
form fibres. Jvisl as a wall is built of 
distinct bricks or stones, so an organ is 
made up of a number of cells. 

All the solid parts of the body are 
either cells or fibres which have grown 
from cells, except something which cor- 
responds pretty closely to the mortar 
Fig. 6.~fiii cells trDin whlch lies between the bricks of a wall 
>.cjpb™qc^r tbcj^Momsn and holds them together. This latter 
^nueieia ; r, ddcI«ii. ^ ' material, known in the body as mfer- 
celMar subtlanee, is in some places abundant, in others scanty 
or absent. Wherever found, the intercellular substance is 
made by the cells which lie embedded in it; they pass it out 
from their surfaces and repair it when necessary. 

StimtaaiT. — Cells thus essentially make up the body and 
do its work; their form and arrangement determine the 
form of the organs ; their activity, the function of the organs. 
For ex^ple, the bone cells have the power of forming the 
intercellular substance which gives the 'hardness to the bony 
skeleton ; the muscle cells are long fibres and by their con- 
traction move the bones to which they are attached; the 
cells embedded in the wall of the stomach secrete the peculiar 
solvent fluid used in digestion. 

Ana/omy may be defined as Ihe sbt^ o/ihe/brmt which cellt 
and tnlerceUular suiilances assume ; physiology, at the i/ady of 
the specific actimty of the cetts. 

The Fl^TBlologieal Division of La1)oi. — In a tribe of 
wandering savages, living by the chase, we find that each 
man has no special occupation of his own ; he collects his 
own food, provides his own shelter, defends himself from 
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ivild bc.isls and his fellow men. In a ciivilized iiatioii, on 
the contra.ry. ivo find that most men have some one partieu- 
iar Imsintss; larniors miso crops and cattle; cooks prepare 
food : tiiilor.s iiiakL- clolhuh ; and |!ohcemen and Koldn:rs pro- 
tect ihc properl)' and lives of ihc rtst ol tl:c community : in 
other words, we find a </n:i.w,^i af hUir. 'I hc more mimiie 
the division of labor in a nation, tlic more advanced is it m 
civilization ; so also an animal is liiijiicr or lower in propor- 
tion as the duties necessary for maintaininj; its existence are 
distritiuted amoni; ditlcrcnt tissncs and organs. I he amceha, 
one of the lowest animals, feels, moves, catches and digests 
food, and breatlies. although it consists ol hut one cell. 
Higher animals pcrlorm these functions by means of differ- 
ent cells set apart in special organs. Ihis specialization of 
function is called differ mliai ion. 

Hesults of a Dmaion of Labor. — From the division of 
employments in advanced communities, several important 
consequences result. In , the first place, when cver\' one 
devotes his time mamly to one kind ol work, all kinds of 
work are better done : the man who always makes hoots be- 
comes more expert than the man who is engaged on other 
things also ; he can not only make more boots in a given 
time, but he can make better boots. In the second place, 
when various employments are distributed among dilfcrcni 
persons, there arises a necessity for a new kind of industry in 
order to convey the sjieciul product ol anv individual not 
needed by himscli to others who may want it. and to bring 
him in return such excess production ol others as he may 
need. I he conveyance of food from the l ountrvto cities, 
and ol manufactures to agricultural districts, arc c\am])lcsof 

developed a necessity for arrangements by which, at any 
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given time, the ai livity of i.ulii iilii^ils siiall be re^'lll:^tc(l in 
accordance ivitli tlie wants of tlie whole c omnniiuty or ol the 
world a! large. 

Exactly similiir ijhenoniena result from the division of 
physLological labor m the human body. r'.ai;h tissue and 
organ does a sjjecial work for the whole liody and in turn 
relies on the others for their aid ; thus every sort of neces- 
sary work 13 better performed; the tissue or orean, since 
it has nothing else to look after, is constructed with reference 
only to Its own particular duty, and is ca|>able of doing it 
extremely well. i his, however, necessitates a distributing 
mechanism l>v which all excess prodiicla of the various organs 
shall be carried to others which require theliK and a regulat- 
ing mechanism bv which the activities of each shall be con- 
trolled in accordance with the needs ot the whole body. We 
accordingly tjjid n set ol organs, the hearl and blond vessels , 
which circulate the blood so that in its couree through the 
body it yets soiiiethmg from and yives somethini,' to each 
organ through which it liows : and a set of nervous organs 
which ramify m every direction and regulate the activity of 

The Ctemioal Composition of the Body, — II we go be- 
yond the tissues to seek the ultimate constituents of the body, 
we must lay aside the microscope, and call upon chemistry to 
discover what elements and compounds make up the cells and 

intercellular substance. 

Elements found in the Body. — Of the many elements 
discovered by clieiiiisls, only seventeen have been found in 
the healthy human body.* Very few exist in it uncombined, 

■ The elements found in the body in heallh are carbon, hydrrigen, ni- 
trogen, oxygen, sulphur, plio:i|ihcirus, chknine, fluorine, silicon, sodium, 
potassium, lilhimn, calcium, magnesium, iron, manganese, and iodine. 
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although some oxygen is dissolved in the blood and is also 
found, mixed with nitrogen, in the lungs. 

Ohuucal Oomp<nuidB exirting in the Body. — These are 
so numerous that it would be a long task to enumerate them, 
but some requite mention. They may be divided into organic 
and inorganic; The general distinguishing characteristic of 
the organic constituents of the body in that if dried ihey 
would buni in a fire ; of the inorganic components, that they 
could not be made to bum. 

Inorpmlo Conititaenta of the Body. — Of the inoi^;anic 
constituents of the body, waler and cemmoti salt are the most 
important ; they are found in all the organs and liquids of the 
body, i^iosphate and carbonate of lime are also found in huge 
proportions in the bones and teeth, and free hydrochloric 
acid (muriatic add) is always found in healthy gastric juice, 
which dissolves some kinds of food in the stomach. 

Oiganie Conrtitaenti of the Body. — All organic con- 
stituents of the body contain carbon, hydrt^en, and oxygen ; 
some contain nitrogen also. There are three chief kinds of 
them, viz., albumens, fats, and carbohydrates. 

AUnuninoiu or Tioteid Snbitanoei. — These ore by for 
the most characteristic organic compounds existing in the 
body ; they are known only as obtained from living beings, 
as they have never yet been artificially constructed in the 
laboratory \ a good example is found in the white of an egg, 
which conasts chiefly of albumen dissolved in water. All 
the tissues of the body which liave any marked physological 
property contain some albuminotis substance, only such things 
as hairs, nails, and teeth being devoid of them. All albumin- 
ous bodies contain nitrogen, carbon, hydrogen, and oxygen ; 
most of them sulphurand phosphorus in addition. The more 
important ones found in the body are, (i) Serum albumin, ^ 
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which is very like egg albumin, and is foirad dissolved in the 
blood ; (2) Fibrin, which forms in blood ivhcn it dote ; (3) 
Mj/oiin, which is found in the miisrlfs and which by " SL-tlinj; " 
or coagulating after death causes the dcaUi sliffeiiing; (4) 
Qisein, which is found in uiilk, ajiii forms the main bulk of 

PatB belong to the orynjiir ( ouqjoundH in the body which 
contain no nitrogen ; ihcy con.si>.t solely of carbon, hydrogen, 
and oxygen. 'J'hc chief fals in the lioiiy are fnilmiliii, slearia, 
and olein j by iirojjer chemical treatment each can be split np 
into glycerine and a fatty ac:id, i.e. palmitic, stearic, or oleic 
as the case may be. 

The Carbohydrates also consist entirely of carbon, hydro- 
gen, and oxygen ; they belong to the same class of substances 
as starch and sugar. The most important carbohydrate found 
in the body is gfycogm, a sort of starch found stored up in 
the liver and muscles. Glucose or grape sugar also exists in 
the body ; and lactate or milk sugar is found in milk. 
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A liant view of an cduH human skeleton to illustrate the mode in which 
the bones are connertivl itigi-ihcr at the difieient jtMnti. 

For the iiainc^ of Ihe Ixines consalt the deieripliaii of fig. 8, wUch 




l-cK. and, limit dowa, /, Ugn- 




OB tJAHmenti of the Too and P^Dgen, 

/ Cap4u1a( (bac-lil^) liEUienl of tht Hip J<dal. 

1 CapMluc UguBCBt ol the Shsnldn Jofait. 



CHAPTER Til. 



THE SKELETON. 

/ 

^ The Skeleton * of the human body is composed of Uuee 
materiab : tone, cartilage, and connective tifiue. 
\ Tlie Bones form the main supporting framework of the 
body, and determine its shape ; they provide levers on which 
the muscles pull, and they surround cavities in which soft, 
delicate organs, as brain, spinal cord, and heart, may lie in 
safety. 

V Cartilag« caps the ends of bones, forming elastic pads 
wiUi smooth surfaces ibr the joints. It is also used instead of 
bone in some parts of the skeleton where con^derable flexi- 
bility is required, as at the anterior ends of the ribs. Carti- 
lage affords one of the best tissues of the body for the exami- 
nation of intercellular substance. A thin slice of it highly 
magnified. Fig. 7, shows the cartilage celb, a, 6, scattered 
through an almost structureless material. Very young cartilage 
con^sts of the cells only, but these lay down intercellular sub- 
stance around them, until at last it fonns the main bulk of 

* There are iwo kinds of skeleton in the animal kingdom : Ihe enlernal 
skeleton or cxoskrL-lsn. nnd ihe intemni skelelon or tHdoskclrten. The 
eioskdetonlsinaile by Ihe akin, either in it or on i(; examptes nre found in 
the shcllsof clams and lohalers; the scales of fishes and snakes; the tottoise- 
ahelloftuillei; Ihe feathers of Inrds ; the hair and daws of beuti. In man 
the exoskeletan is only slightly developed ; hair, nnls, and lecth belong to 

17 
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the cartilaec, and gives the elasticity and flexibility for wUch 
cartilagL' is med in the body. 




OoniteotiTe Tiune accuis partly in the form of stout cords 
—IfgoMentt — ^which bind different bones togedier, or which, 
as leadons, atiach muscles to bones. It partly supplements 
the coaiser bony skeleton by a fine network which extends 
dirough all the soft parts of the body and makes a sort of 
microscopic skeleton, or supporting meshwork, for its cells. 
It is laid down as a soft packing material, a good deal like 
raw cotton, in the crevices between different organs, as shown 
at s. Fig. 8, between the muscles of the forearm. This tissue 
is, in fact, so widely spread through the body, froni tlie skin 
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outside to the lining of 
the aUmentary canal with- 
in, that if we could em- 
ploy a solvent which 
would remove everything 
except this connective 
tissue, a very perfect 
model of all the organs 
would be left ; something 
like a skeleton leaf, but far 

Artictilationa and 
Joillta. — If the pieces 
forming the hard frame- 
work of the body wen 
put together like thi 
beams and planks of i 
frame house, the whole'^ 
mass would be rigid and 
ipimovable ; we could not 
raise a hand to the mouth, 
or put one foot before an- 
other. In order to attain 
mobility the bony skeleton 
is made up of mote than 
two hundred separate 
pieces, joined together; 
the points wheie Ihey 
meet are called arlicula- 
Hons. An articulation 
in which a considerable 
r?nge of movement is per- i 
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tnitled is called n joint. The ends of bones which rab i^^nst 
one another in a joint are covered by a smooth layer of carti- 
lage. 

The Bon; SkeletOlt (Pig. 8) consists of an axial skeleton, 
supporting head, neck, and trunk, and an appendicular lAele- 
to», supporting the limbs and attaching them to the trunk. 

The Axial BkeletoiL — ^The fundamental portion of this is 
the SacHone, spinal column, or ^ine, partly seen at e and c, 
fig. 8, and represented isolated from the rest of the bones 
and viewed bom the left side in Fig. 9. It forms an axis, on 
wluch the rest of the body is canied. On the upper end of 
the vertebral column is the skull, a, i. Fig. 8, and attached 
by ligaments to the under surface of tiieskull is the hyoidione, 
to which the root of the tongue is fastened. 

Slender bones, called ribs, are attached by their doisal ends 
to the sides of part of the spine ; they curve round the sides of 
the chest and are united in front to the sternum, or breasl-6one, 
d. Fig, 8. 

Skull, hyoid bone, vertebral coliunn, ribs, and sternum to- 
gether form the axial skdeton. 

The appendicular skeleton consists of the pectoral and pelvic 
girdles, attaching the limb bones to the axial skeleton, and 
of the limb bones themselves. 

The Peetonil Aieh or Qirdle conasts on each side of a 
a^lar 6one or clavicle, s, and a sAvu^er Hade or scapula. The 
scapula. Fig. 8, is a flat, triangular bone, lying on the back of 
the chest outside the ribs. Tht clavicle is a slender curved 
bone like an italic / in form. Its outer end is attached to 
the Kapula, and its inner end to the top of the sternum. It 
serves to support the shoulder joint, and to prevent it from 
falling backwards or inwards toward the front of the chest. 
It is absent in creatures which use their fore limbs for walking 
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only, as horses, dogs, and catde, but is veil developed i 
monkeys and bats. 

The skeleton of the upper limb consists of; (i) The an 
bone humerus, I, Fig. H, which eslcmis n 
from the shoulder to the elboiv, and meets ' 
the scapula at the shoulder joint ; (2) of,| 
two forearm bones, the radius, g, and u/na, ' \ 
f, the radius being on the thumb side ; 1 
and (3) of twenty -seven hand bones. Of ° 
the hand bones eight, the carpal bimes, h, 
lie in the wrist ; five, the metacarpal hones, 
i, in the palm of the hand ; and fourteen, 
the phalanges, k, in the thumb and fingers 
— two for the thumb, and three for each 

The Pelvic Aroh or Girdle consists of 
a single bone, the os inmminalum, s, on 
each side ; this is firmly fixed at its 
dorsal end to the lower part of the back- 
bone, meets its fellow ventrally at the lower i 
end of the abdomen, and bears a deep*] 
socket on its outer side, into which the«' 
upper end of the thigh bone fits. 

The Skeleton of the Lower Limh con- 
sists of: (i)The Ihigh bm,^ m femur, r, 
the longest bone in the body, which bears 
on its upper end a hemispherical knob fit- 
ting into a hollow on the outside of the 
OS innominatum, to form the hip joint ; 
(3) of two bones, libia and fibula, I and m, '^'S^i%\^\''Sii'mn! 
in the lower leg, the former on the inside ; (3) of the knee c 
or patella, q, in front of the knee joint ; (4) of twenty-six fo 
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bones. Of the foot bones seven, t\it tarsal iones.n, lie below 
the ankle joint j five, the metatarsal hones, o, are anterior to 




Fid. m— Tbtluclonbuvenibniuidlbenmiiiiieea r»n Ihc Tennl lUc. 

these in the front half of the sole of the foot ; and fourteen " 
phalanges, p, are found in the toes, two in [he great toe and 
three in each of the others. 

The Vertebral Column (Fig. 9). — The upper portion 
of the spine consists of twenty-four separate bones, each called 
a vertebra J these are placed one above the oiher, and sepa- 
rated by elastic pads of cartilage and connective tissue. Seven 
vertebrse {cervical, Ci-i') nre found in the neck; twelve 
(^dorsal, Z> i-ii) lie at the back of the chest and carry the 
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ribs; and five {himbar, L 1-5) are in the loins or "small of 
the back. ' ' 

Hcloiv thi^ sq)oratc vertebra; wc find the sacrum (^i), 
which is seen in )'iy, 10, with tlie lowest lumbar vertebra. In 
childhood the sacniiii eonsisti of five liislim t ^ertebr^e, but 
these grow togetliLT aflerwardb, llioiijjh cro;-; ridf,'es remain in- 
dicating the original lines of separation, lielaw the sacrum, 
forming the tip of the spine, is the eoci vn { ('.11 1-4, l'ig.9), 
a single bone in adults, but four bones in eliiklren. 

Tha Stmctiue of a Vertebra. — Those vertebra wliieh re- 
main separate resemble one another in general form. As an 
example we nia3r take the eleventh from the skull, i.e. the 
fourth doisal vcrtebia (Figs. 11 and 13). 




In it we find (i) a thiclc bony mass, C, rounded on the 
sides and flattened above and below where it faces its neigh- 
bors, called the cenlrum or body of the vertebra. The series 
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of vcrttbral lioilies forms tlie bony partition (e, f, Fig. i) 
already meiitioneil as esistinj; in the trunk between the neu- 
ral and ventral cavities. (s) The arch, A, which is at- 
tached to the dorsal side of the centrum, is called the rieurai 
arch, and with the centrum it forms the neural ring (Fv). By 
the arrangement of the vertebrae one above the other, the 
successive neural tings form the neural lube, in the cavity of 
which the spinal cord lies. (3) Bony processes project from 
the body and the arch (Figs. 11 and 12) : these arc (a) the 
spinous process (/"j) which points dorsally and with its fellows 
forms the ridge of the s]iine ; (h) the Iraiisrcrsi- pntrcsscs {Pi), 
one on either side, which in the dorsal region support the 
ribs ; and (c) the uriicuhir processes (Pas, P,ii), four on each 
vertebra, which fomi the points of con!a.ct with the adjoining 
vertebrae above and below. 

Wliere the arch joins the centrum it is narrowed to a stalk 
or pedicle, li. Fig, 12. When the vertebrje are placed lo- 
getherin their natural relaii\e |>osilious, apertures (Fi), which 
lead into the neural catial, aie left between their narrower 
portions ; through these apertures (called the inlerverlebral 
foraviina) nerves pa.ss into or out from the sjiinal cord. 

The Atlas and Axis.— The first and second cervical ver- 
tebra, however, differ coii:.ider:ibly from the others. The 
first, called the alias (Fig. 13), carries the head ; it has a very 
small body and a very large neural ring. A ligament, L, 
divides the ring into a ventral and a dorsal portion; the 
spinal cord passes through the latter and a bony peg, B, lies 
in the former. Tlie peg is the odiinloul or tunlh-lih- process 
which rises from the second cen-ical or axis n'rldira (Fig. 14) 
and forms a pivot around which the atlas, carrying the skull 
with il, rotates when the head is turned froni side to side. 
On the anterior (upper) surface of the atlas are a jiair of shal- 
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low hollows, ^171. A pair of knoba on Ihc imdcr surface of 
the skull (Fig. 20) glide in these hollows during nodding 
movements of the head. 



Talue of the Stmotnral Anangement of the Spinal Col- 
snu). — When the backbone is viewed from one side (Fig. 9) 
it is seen to present four curvatures : one in the neck, convex 
ventrally, is followed by a curve in the opposite direction in 
the dorsal region ; in the loins the curvature is again convex 
ventrally, and in the sacrum and coccyx the reverse is the case. 
Tliese curves add greatly to the springiness of the' spine, and 
preventthe transmissionof sudden jars.* The elastic cushions 
(intervertebral disks) placed between the bodies of the verte- 
brae also aid in protecting tiie delicate brain and the spinal 
cord from injury. 

The intervertebral disks allow of a certain range of move- 
ment between each pair of vertebra, so that the column as a 

• Take a slraight bul tokrnbly fle<ible snd clisilc I.nr, ns a Ea(h or, bel- 
ter still, fl Ihiii steel rod. Iliil.i it vertical, with one inil resting on tlie 
floor, ami give a smatt bloiv on the upper end ; the jar will be stidden 
and violent. Now bend the rod and hit it ognin; the jor will be modi 
less, aa the curved rod yields somewhat to the lilow on its top. 
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elastic enou^ to destroy or gteatly diminish any sudden jai 
or jerk which it may receive. It is one of the most beautiM 
pieces of mechanism in the body. 

Tile Elbl are twenty-four in number, twelve on each ^de 
(Kg. is). They are slender curved bones which embrace 
the udes of the chest and are attached at the dorsal end to 
the dorsal vCrtebrEe. Ventrolly each rib ends in a Costal car- 
tilage ; the cartilages of die seven upper paits are directly ar- 
ticulated to the sides of the breast-bone. The eighth, ninUi, 
and tenth rib cartilages join the cartilages of the ribs above ; 
the eleventh and twelfth are not attached to the rest of the 
skeleton at their ventral ends and hence are known as the 
/ree or floa&tg rSis. 

The Sknll (Fig. i6) is composed of twenty-eight bones : 
ei^t of these form the cranium and are arranged to snnound 
the brain and protect the deep parts of the eais; eox lie 
inside the ears ; and the remaining fourteen support the &ce, 
surround the mouth and nose, and (witii the aid of some of 
the cranial bones) form the eye sockets. 

The Oianium is a box whose thick floor (Fig. i) con- 
tinues anteriorly (he partition which in the tnmk separates 
the neural from the ventral cavity. On its under side (Fig. 
20) are many small apertures for nerves and blood vessels to 
pass in or out, and one large opening, the foramen magnum, 
for the spinal cord. 

The crauial bones (Fig. 16) are the following: i. The 
ocdpilal bom, 0, which lies at the back of the skull and has 
in it the foramen magnum, j. The fronial hone, F, which 
forms the forehead, 3. Tlie parietal tones, Pr, two in num- 
ber, which meet one another above the middle of the crown 
of the head, and form a large part of the roof and sides of 
the skull. 4. I^v temporal bones, T, one on each side, 
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which contain the corresponding ear cavities. 5. 77ie sphe- 
noid ione, which, with the occipital bone, forms the base of the 
skuil, and sends out a wing, S, oa each side. 6. 2he elhmoid 
bone, E, which forms the partition between the brain and 
nose chambers, and part of that between the nose and the 
eye socket. 

The Tudal Skeleton. — The majoiitjr of the face bones 
are in pairs, but two are single ; one of dtese is the lower 
Jam bone or taandMe, Md, Fig. 16; the other is the vomer, 
which forms part of the pBitition between the two nostrils. 

The paired face bones are: i. The maxiUte or uf^j'taO 
bones, Mx, which carry the upper teeth and form most of 
the hard palate separating the mouth from the nose. 9. The 
paiale bones, which complete the bony palate, and lie in front 
of the opening (posterior nares) by which the air passes from 
the nasal chambers into the throat cavity (Fig. zo). 3. The 
malar or eheek bmes, Z. 4. The nasal bones, N, roormg in 
Ae upper part of the nose. 5. ITie lachrymal or tear bonet, 
L, small and thin, between the eye soclcet and the nose. 6. 
The itt/erior furbinale or spongy bones, which lie inude the 
nose, one on the outer side of each nostril chamber. 

The Cranial Bntnres. — All the bones of the skull, except 
the lower jaw bone, are immovably joined together. The 
edges of most of the cranial bones interlock in a manner 
similar to the dovetail joint of cabinet-makers. Each bone 
has notched edges which fit accurately into hollows of the 
adjacent bone ; tfiis kind of articulation (or suture) is well 
shown in Fig. 16. 

Oompariton of the Tpper and Lower Limbs and their 
Sttpportiiip Axehei. — ^The bones of the leg and arm have 
already been enumerated, but certain resemblances and difTer- 
ences between the two (Fig. 17) are worth noting. It ' 
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the humerus to the femur; the radius and ulna to the tibia 
and fibula; five mrtscaqial boRc^ cprrespoiid to five incta- 
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tarsal, fourteen phalanges in the digits of the hand to four- 
teen in the digits of the foot ; and elbow and wrist joints, to 
knee and ankle. There is, however, in the arm no separate 




bone at the elbow answering to the patella at the knee ; but the 
ulna bears a bony process, 0, which is in early life a separate 
bone and may be considered as corresponding to the patella. 
There are in the adult carpus eight bones, in ihe tarsus but 
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seven ; here a.gain we find, howcrer, tbat originEdl^ Qie 
astragalus, Ta (Fig, 19), of the tarsus consists of two bones. 
The eibow joint bends ventTally and the knee joint doisally. 

When we compare the fiinctiona of the limbs greater dif- 
ferences appear. The arms hare their parts light and mova- 
ble to serve as prehensile organs; the lower limbs have their 
parts heavy and firmiy knit together to carry the weight of 
the body. Accordingly we find the shoulder girdle, C, S 
(Fig. 18), attached to the axial skeleton only by the ventral 
ends of the collar bones, and hence it is free to make con- 
siderable movement, as in " shrugging the shoulders." The 
pelvic girdle, Oc, on the contrary, is firmly and immovably 
attached to the sides of the sacrum. 

The socket on the outer end of the shoulder blade, which 
receives the upper end of the humerus to form the shoulder 
joint, is very shallow, and allows much freer movement than 
the deeper socket of the pelvis, into which the top of the 
femur fits. 

If we hold one humerus tightly and do not allow it to 
rotate, we can still move the forearm bones so as to turn the 
palm of the hand up or down ; no such movement is possible 
between tibia and fibula. 

In the foot the bones are much less movable than in the 
hand, but are so arranged as to make an elastic arch (Fig. 
19) springing from the rear end of the heel bone, Qi, to the 
anterior ends, Os, of the metatarsal bones. When we stand, 
the weight of the body rests on the articular surface (Ta) at 
the crown of the arch. 

The toes are far less mobile than the fingers, the difference 
between great toe and thiinib l>eiiig especially marked. 
The thumb can be made to iiie<^i eac-h of the finger tips, so 
that the hand can seize and manipulate very small objects, 
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wnereas tliis power ot opposing the great toe to the otheis is 
nearly absent in the foot of civilized man. In infants, and in 
savages who have never worn boots, the great toe is often 
movable, though it never acts so completely like a thumb as 




it does in most apes, which use their feet for prehension nearly 
as much as their hands. Our own toes by practice can be 
made more movable; persons born without hands have learned 
to write and paint with the feet. 

leonliaritieB of the Human Skeleton. — Our power of main- 
taining an erect posture and of walking without the aid of the 
hands gives rise to interesting peculiarities in the structure of 
the human skeleton. In no other vertebrate is the division of 
labor between the anterior and posterior limbs carried so far; 
even the highest apes often use the hand in locomotion and the 
foot for prehension. As characteristic of man's skeleton we 

I. Hie skull is nearly balanced* on the top of the verte- 
bral column (Fig. 30), so that but little effort is needed to keep 
the head erect. In four-footed beasts the skull is earned on the 

* The balance is, however, not quite eotnplete. When any one goes to 
deep in an ilUveatltued lecture-room he is usually awslcened by a shup 
jerk downwards of his chin, ^nce the mutdes concetned In boldlng the 
head erect bave relaxed Iheir v^uice, the greater wei^t of the fionl 
baV ot the BknU enerta i|s effed, 
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froDt end of a horizontal backbone, and therefore needs s]ic- 
cial ligaments and eonsldernble mus- 
cular elTort to Kii|i|)ori it ; in apes the 
skull doL-s noi lialani c on the top of 
thi' spine, liei.iusf il;e faee is ninth 
lieii\ ifi lli.M, llu' l.i.iiii. 'I'herefore 
to kii|, lilt liuiil Lrerl and look 
tilings strLiiglit in ihe Luq "like a 
man ' ' is very f;itiguing and the ])o- 
sition eannot long lie maintained. 
In men, on ihe contrary, the faee 
bones are relalivLly smilltr and the 
F Th b t ) .t Li larger, so that this position 

Aiih^Jwir™ ^TD"ht figCir!, ''^ maintained with ease. 
M°iho*'mo?^h'™d^mu?dedby ^- '^c human Spinal eolumn, 
IhL 'Sriho'p^Ifeni'^ioi^^of when viewed from the front, is seen 
I™x»Sve°tke^i5dre'of th'''fiK^ to wideu gradually from ihe nec:k to 
™iM«,'^Iiih^h!bnn^'c"n7" the saeriuii, and is, therefore, well fit- 
MLuiid""^"'" wlii'SeK'nih'' ^'"^ "eight of the head, 

iEpi.d;i^'Li'.EH'it "l"!'" ' urvatures, 

to™^aiJlMt™'af™tSi which are pe<:iiliarly human, add 
muth'^S^r tSn^'Sw^behinS greatly to its Spring and elasticity. 

3. The pelvis, to the sides of 
which the lower limbs are attached, is relatively broad in man, 
so that the balance of the trunk on the legs is more strongly 
maintained. 

4. The lower limbs are proportionately much longer than 
the arms in man. This makes progression on them more 
rapid by allowing a longer stride, and also makes it difficult 
to go on ' ' all fours ' ' iscept by creeping on the hands and 
knees. The ariiis of some apes are as long as, and of Others 
longer than, tlieir legs. 
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5. The arched instep and broad sole of the human foot are 
veiy chatacteristic. Most beasts, as horses, walk on the tips 
of their toes, and the hoof is leall]' a very big toe nail; 
others, as bears, place the heel on the ground to be sure, but 
have a less well-developed tarsal arch than man. The vaulted 
human tarsus, made up of a number of small bones, each of 
which can glide a little over its neighbors, but none of which 
can move much, is admirably calculated to break any jar 
which might be transmitted to the spinal column by the inter- 
mittent contact of the sole with the ground.* A well-arched 
instep is therefore rightly cou»dered beautifiil ; it makes the 
gait easier and more graceful. 

* A coriage apring conails of (no currei] elastic sleel bus TDStmeil (o- 
gether at their ends, willi their toncavc sides turned lowards one another. 
The aile of Ihe wheel is allached loilu- m\M\, ,,1 ilu- !,nvgr bar, and Ihe 
weighl of Ihe carriage bears on iIk r..:-. i.!.- ui ■ .1 iq ]ht, Wben Ihe 
wheel jolts over n stone the jerk is Inin.iiiiuui u> il.i.inj ardits, which 
are each flatlened alillle, so thai instead uf a iv.ik\cn jerk agccille sway is 
tnuismitted 10 the canlage. The larsal atch of the buniao foM acts like 
the upper half of a curiage iprlng. 
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THE STRUCTURE, COMTOSITION, AND HYGIENE OF 
BONES. 

The Qrou Strncttm of Bonei. — ^Although the bones difTer 
very much in shape, all are alike in microscopic stnictureand 
in chemical composition. When alive they have a bhiish' 
white color, with a pinkish hue if blood is flowing through 
them J they possess considerable flexibility and elasticity; 
this may be best observed in a long slender bone, as a rib.* 

To get a general idea of the structure of a bone we may 
select the humerus (Fig. 31). When fresh this is closely 
covered by a tough membrane, Ihe periosieum, composed of 
connective tis.'iue and containing many blood vessels. During 
the growth of the bone the periosteum deposits new bony 
tissue upon it and is concerned in its nourishment through- 
out life. When it is stripped off, the bone dies.f The 
periosteum covers the humerus except on its ends {Cp, Tr, 
Cpt) in the shoulder and elbow joints, where the bone is 
covered by a thin jiiycr of gristle or cartilage. Very early 
in life the iv hole humerus consists of cartilage j this is after- 

" Till: rib rpf .t ^litep or a rsbWl when thoroughly boiled can be readily 
sciijieil clean and preaened, and KIT» sdniinibly (o show the flexiUlity 
anil elastidly of bone. 

Coses have been recorded in which a considerable portion of b, bone 
or even the whole bone has been removed during Ufe, and the periosteum 
(left but slightly injuKd) has Ibcmed a new bone In place of the old. 
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wards absorbed and replaced by bone, leaving ovXy a thin 
layer of articular cartilage on each end. 

The bone itself consists of an almost cylindrical middle 
portion or tiafl (extending between the dotted lines X and 
Z) and two articular extremities. These entremities are en- 
larged to give a wider bearing surface in the joints, and also 
to provide apace on which to attach the muscles which move 
the bone; the various knobs on the extremities and the 
rough patches on the shaft mark areas where muscles were 
fixed. 

Xntemal Stnutnra, — If the humerus is divided lengthwise, 
we find that its shaft is hollow j the space is known as the 
medullary caoily, and in life is filled witii soft fatty marrow. 
Fig. represents such a longitudinal section. We see that 
the marrow cavity extends nearly to the articular extremities; 
and that in these the bone has a loose, spongy texture, with 
the exception of a thin dense layer on the surface. In the 
shaft the compact outer layer is thick, whereas the spongy 
portion forms onlya thin stratum next the medullary cavity.* 
To the unassisted eye the spongy (cancellated) bone appears 
made up of a trellis-work of thin bony plates which intersect 
in all directions and surround pin-head cavities. In these 
spaces there is found during life a substance known as the red 
marroWif which is quite different from the yellow &tty mar- 
row of the medullary cavi^. 

Thy Bonei on Hollow. — If ^e bones were solid and of 
their present size, they would be extremely heavy % and un- 

* ThcM lads mtj leadOy lie demon stnUed bj sawing In two length* 
wiie the bonci ont of ■ leg of nmtliin. 
-f Tbe i«d nuuTDW fbtnu led Wood cmpoides. 

i Msnj of the bones of Uids are Ihin-walkd tuba of dense bone : tlie 
c^tral cm\^ contains aii and do murow, and commnnicita hf tabes 
with the lungs. Exunine the bammUi of apigeon or rt looner. 
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necessarily strong for the common piirposL's of liff ; if they 
were solid and of their present welylit, tliey would not give 
sufficient surfaci: for the attachment of muscles, and would be 
easily broken. It is a well-known principle in practical 
mechanics that a tube will bear a greater strain than a solid 
rod of the same length and amount of material; hence iron 
pillars are cast hollow, for if solid they would be enormously 
heavier witliout a proportionate increase in strength. Take 
a glass tube and a glass rod each of the same length and 
weight; support eaeli :it its ends and hang weights on the 
middle until it breaks: the tube will be found to bear a 
much greater strain before breaking. We see an a.pplication 
of this same principle in the hollow staiks of grass, wheat, 
and barley and in the frames of bicycles. 

Varieties of Structaie Found in Different Bones. — Eones 
which, hke the humerus and femur, present a shaft and 
articular extremities are called /onff bones ; other examples 
are tibia and fibula, radius and ulna, metacar^ial and meta- 
tarsal bones, and the phalanges of fingers and toes. Tabular 
bones form thin plates, like those of the roof of the skull, 
and the shoulder blades. Short bnnes are roiindcil or angular, 
and not much longer in one diameter than another, as the 
carpal and tarsal (Fig. 19) bones. Irregular imcs inchide 
all which do not fit well into any of the above classes ; they 
usually lie in the middle line of the body and are divisible 
into similar right and left halves ; the vertebra; are good 
examples. 

All bones are covered by periosteum except where they enter 
into the formation of a joint, but in the human body only the 
long bones possess a medullary cavity containing yellow mar- 
row. The rest are filled up by spongy bone, covered by a 
thin layer of ivory bone, and have red inatrow in their spaces. 
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The Hittolo^ 01 Bone. — ihe tiucroscope shows that com- 
ii.irt unne is miiiv iiormi:;. ujiTcrs from spongy bone only 
111 nil' i;iri ni:n iih i jvuii;; ;iri' niiiiih siiialkr, and the hard 
If a thin transverse sec- 
iKin i>i iiie shiiii 1)1 iiiiiiT none i I'jg. ^3) is examined wilh 
:i iiiiiTO:irii[n: iiiiUiniiviiii; iiDOiic twenty diameters, even its 
iiL'iisirsi r>arL will tiiiinv nt]mi;toi};i openings which become 
L'rauiiiiiiv larrrer nwir me mcdiiinirv cavity and pass insensibly 
into tne spaces 01 tne spongy Done around it. These openings 




ill thedircction 
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sian canal of the system to whicli they belong, and those of 
various lacunte communicate with one another, so that a set 
of passages is provided through which liquid which transudes 
from the hlood vessel in the Haversian canal can ooze through 

the bone. 

In a hving bone a nucleated cell, or bone corpuscle, lies in 
each lacuna. These are the remnants of those cells which 
built the bone, by making intercellular substance ; each 
one builds a sort of skeleton around itself which adheres to 
the skeletons of the others to form the whole bone. 

Chemical Composition of Sone. — Apart from the bone cor- 
puscles and the soft contents of the Haversian canals and of 
the spaces of the cancellated hone, the hard bony substance 
proper is composed of animal and mineral matters so inti- 
mately combined that the smallest distinguishable bit of bone 
contains both. The mineral matters give the bone its hard- 
ness and rigidity, and form about two thirds of its n-eight 
when dried. They may be removed by soaking the bone in 
diluted hydrochloric arid,* and the animal or organic part 
of the bone is then Itft as a tough, floNibIc mass, which retains 
perfectly the shapi^ of the original bone. 

When the bone is boili^d in water, the grea.ler part of the 
animal portion is turned \nx.o };cicilvic (or glue) and is dissolved 
in the water. Most of the gclaiinc which we hny in ihc shops 
is obtained by boiling frc^h boni^s in closed lessci under 
high pressure; in this way, Ihe water becomes much hotter 
than when boiled in the air, and dissolves out the gelatine 

' Add a couple of ounces of hydrochloric acid lo a pint of water and 
place a sheep's rib in the mliiure for a day or so, after having previously 
■craped the bone dem, and boiled it to get rid of the fat. It wiU be 
round so flexible that a knot mi^ be tied in il ) the specimen may be 
preserved in strong biine or dilute alcoliol from year to year for exhibitioa 
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more quickly. When a. shin of beef is used to make soup the 
bones are put in as well ai the flesh, and the ivhole is kept 
boiling for hours to extract ihe geialiiiL*. The auimal matter 
of bone gives it toiighiiL'ss and elastidty. 

The eatthy portion may be obtained free from the animal 
by calcining a bone in a bright firi^, Tho residue is a white 
and very brittle mass, whii,K retains pirfcclly the shape of 
the original bone. It is readiiv powdered and then forms 
bone ash, which tonsi.sts chiefly of the jiliosphatc and tarboii- 
ateof calcium ; most of the phosphorus of commerce is ob- 
tained from il. If the burning bt; huperfect the animal matter 
is charred but not altogether Imrnt away, and a black mass, 
known as animal charcoal or " bone blank,' ' is left. 

Hygiene of the Bony Skeleton.- — In early life the animal 
matter of the bones is present in larger proportion ihnn later; 
hence the bones of children ate tougher, more pliable, and 
not so easily broken, ^he bones of a young child are toler- 
ably flexible and are capable of being distorted by a long 
continued severe strain. For this reason It is important that 
a child be made to sit stiught, when writing or drawing, 
to avoid the risk of producing a lateral curvature of the spinal 
column ; and children should not be made to up during 
the first year or to walk too early, as their bones are not 
rigid enou^ to bear the weight of the body. The readi- 
ness with which banes yield to prolonged pressure in early 
life is well illustrated by the distorted feet of Chinese ladies, 
and by the extraordinary forms (Fig. 25) which some races 
produce in their skulls by tying boards or bandages on 
the heads of the children. A distorted foot, even in the 
United States, is no uncommon thing in these days of tight 
boots and high Iieeb. The latter are especially bad, for, 
instead of allowing the arch of the foot to support squarely 
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the weight of the body, they tilf the arch forward and throw 
the weight upon the toes, which are thereby squeezed into 
the front of the boot. This not only crushes the toes and 
leads to deformities, corns, and bunions, but makes the gait 
stiff, inelastic, and ungraceful. 




In advanced lite the animal mailer of the bones is present 
in deficient amount, and hence they are brittle and easily 
broken. 

An infant grows rapidly and hence needs food containing 
phosphate of lime, which is the chief mineral constituent of 
bone. Of all common articles of diet, milk contains most 
phosphate ol lime : this is one great reason oi its value as a 
food for children. 

Fracture,— .-V break in a bone is <-iilk'd 3./r„duri' .■ when 
it IS a clean break llie Iratture is simple.- when the bone is 
more or less broken into bits on each side of the break the 
fracture is cnmimnuied : «licn the solt parts also are lacerated, 
so that there is an opening from the skin to the broken bone, 
the fracture is compound. 

If a bone is broken the muscles attached to it lend to pull 
its ends out of place; hence it requires to be " set," and 
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then kept in position by splints or bandages ; this Trequently 
needs much slcill and a tfaotougb knowledge of the anatomy 
of the body. Asurgeon should be summoned at once, as the 
parts around the break commonly swell very rapidly and make 
the exact nature of the fracture hard to detect, and the le- 
placment of the displaced ends dinicult. 



CHAPTER V. 

JOINTS. 

The Movements of the Body are lirought about by means 
of the soft reddish flesh known as ihe musdi:s. whii h are fa- 
miliar to all in the lean of meat* Muscles have Ihe power 
of contracting with considerable force ; ihey pull their ends 
toward one another and swell out in the middle (Fig- 29) : in 
other words, they become shorter and thicker. With few 
exceptions, each miiscle ]s attached by its enas to two bones f 
and overlaps the iiunt between them. When the muscle 
shortens, or coniracis. u prouuces moveineiii at ihe loini. 
The bones, joints, and muscles thus form the chief motor 
mechanism of the body. 

JomtB. — ArtLcinations which permit 01 mcivcmoni iiv the 
gliding of one bone on another are caiiod unriis: ail are con- 
structed on the same general phm, inouiih the lanye and 

* In many anims!'^ n.us, l, ~ k,-i.l m.i.l ri.ii.l.iTillv in u^.- ;irc much red- 



.racts more forcibly purses out tlie lips. Tlie erbiculans palpibrarum 
■a > Hmilar ring around the eye <q>eiilng. and when It contracts 
EE tlie eye. 
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direction of movement permitted differ in different joints. 
As an example ne m&y take the hip joint, a section of which 
is represented in Fig. 36. 




Fib. Sccllon Ihronghlhe hip joinl. 



On the outerside of ihe OS innominatiim (nj, Fig, 26) is a 
deep hollow, Ihe acelabuluni, whic h receives tlif ii]i])er tnd of 
the femur. The acetabuliuii is lined by a lliiii layer of car- 
tilage (c) with an extremely smooth surface, and its cavity 
is also deepened by a cartilaginous rim (r). 'I he upper end 
of the femur (J") consists of a nearly spherical head, borne on 
a neck; this head is covered by cartilage, and rolls smoothly 
in the acetabulum like a hall in a socket. 

Liganienis bind the ends of the bones together to prevent 
their displacement ; they are composed of connective tissue, 
are extremely pliable but cannot be stretched, and are very 
tough and strong. One is the capsular ligamcnl (c. I. ), which 
encloses the joint in a. bag ; another is the rou/ii ligameni 
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{I. /.), Fig. 2fj, which pa.sses from the rini of thi; acetahulum 
along a groove in the bone to the centre of the round head of 
the femur. 

Covering the inside of the capsular ligament and continued 
back to the edge of the cartilage of the head of the femur is 
the very thin synovial' memiroHe (i), composed of a layer of 
Hat cells. This pours into the joint a small quantity of synemal 
liquid, which resembles in consistency the white of a raw egg, 
and pla}« the part of oil in a machine by lubricating the joint 
and enabling it to move smoothly and with little friction. 

In its natural state the synovial membrane lies so that there 
Is practically no cavityleflinthejoint. Thejointsurfacesare 
held in close contact, not by the ligaments (which are much too 
loose and serve mainly to prevent such excessive movement as 
might roll the femur out of its socket), bat by the many strong 
muscles which pass between pelvis and thigh bone and hold 
both firmly together. In addition, tlie pressure of the atmos- 
phere is transmitted by the skin and muscles to the exterior of 
the ur-tight joint, and helps to keep its suriiices together. If 
all the muscles are cut away from around the hip joint of a dead 
body, it is found that the head of the femur is still held in its 
place by the pressure of the air so firmly that the weight of the 
limb will not draw it out; but if the air islet into the joint by 
cutting into the cavity, the thigh bone Iklls as far out of place 
as the ligaments will let it. 

Inalljointswefiiidthesame essential parts : bones, articular 
cartilages, synovial membrane, synovial liquid, and ligaments.* 

Ball and Sooket Joints. — Such a joint as tliat at the hip 

■ The itructure of joints can be readily seen in those ofa&eshcalf'soi 
sheep's ibot The >)iioviBl membrane is so thin and «o closelj' adhetent 
to the pailii it lines that a microscope is needed for its demonstration; hut 
tSL the other parts are readily made out> 
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is called a ball aiid socket joint, and allows a greater variety of 
movement than any other. The thigh tan (i) be flexed, that 
is, bent so thLit the knee approaches the chest, and (s) ex- 
lended or straightened again ; it can (3) be aiduclcd&o that the 
knee is moved away from the middle line of the body, and 
(4) adducled or brought back again ; the limb can also (5 ) be 
draimdttcled, i.e., with knee and ankle held rigid, the whole 
leg is swung round to describe a cone, of which the apex is at 
the hip joint; and finally (6) rolaied, i.e., the whole limb 
rolled to and fro on its long axi^. All ball and socket joints 
allow these movements to a greater or less extent. 

Another important ball and socket joint is at the shoulder 
between the upper end of the humerus and the hollow {glen- 
oid /ossa) near the upper outer comer of the shoulder blade. 
The glenoid fossa being much shallower than the acetabulum, 
the range of movement possible at the shoulder is greater 
than at the hip joint. 

Hinge Joints. — In this form the bony tavities and ]iro- 
jections are not spherical, but are grooved and ridged so that 
one bone can glide over the other in one plane only, to and 
fro, like a door on iis iiin(;i.'.s. 

The knee is a hinu^e joint; it ran only be bent and 
straightened, or fexeii and extended. Between the iihalanges 
of the fingers we find also hinge joints ; another is found be- 
tween the lower jaw and ihe cranium, allowini; us 10 open 
and close the month. The laiier is noi. hiin ever. a perfect 
hinge joint; it permiis also slight lateral roovenieius. and 
a gliding motion by which the lower law can be thrust forward 
so as to bring the lower tange 01 leeui outjjiiie me upper.-r 

' The object of thesf 

perfect hinge joiat nitk the cruiium. 
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Pivot JointB.— In this fonn one bone rotates about an- 
other, A good example is found between the first and sec- 
ond cervical vertebra (Figs. 13, 14). The odontoid process 
of the axis reaches up into the neural arch of the atlas, and 
is kept in place there by the transverse ligament, which does 
not let it press ag^nst the spinal cord. It forms a pivot 
aroimd Thicb the atlas rotates, carrying the skull with it 
when we turn the head to right or left. 
A more complicated kind of pivot joint is found in the 
forearm. Lay the forearm 
and hand flat on a table, palm 
uppermost (supination) : the 
I ladius and ulna are parallel. 
Without moving the shoulder 
joint at all turn the hand over 
so that its back is upward (pro- 
nation): the radius, carrying 
the hand, crosses over the ulna* 
(Fig. 27, A). 

The lower end of the hume- 
rus (Fig. 3i) has a large artic- 
ular surface ; on the inner two 
thirds of this, TY, the ulna iits, 
and the grooves and ridges of 
the bones interlock to form a 
hinge joint, allowing us only to 
'■\ bend or straighten the elbov 
joint. The radius fits on the 
rounded outer third, Qh', and rotates there when the hand 

* The morementB and positions of ihe bones throughout the toKum 
and elbow joint may he obierTe4 mew vf deep pressure with the 
fingers of ibt other hxod, 
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is turned over, the ulna fbnning a fixed axis around which it 

moves. 

Gliding Joints as a rule permit of but little movement. 
Examples are found between the closely packed bones of 
the carpus and of the tareus {Fig. 19), which slidL' a little 
over one another ii hen subjected to pressure. 

Dillocations. — When a hone is displaced nt a joint or 
dislocated, the ligaments are more or lfs.s torn and oilier sur- 
roundim; soft parts injured. This generally leads to iiiilam- 
niation and sivelling, whii;h make it difiii;ult to find out in 
what direction the bone has been displaced, and also greatly 
add to the difficulty of replacing it, or, in surgical language, 
of reducing the dislocation. The muscles attached to it are, 
moreover, apt to pull the dislocated bone more and more 
out of place. In most cases the reduction of a dislocation 
can only be attempted with safety by one who knows the 
forms of the bones and possesses sufficient anatomical knowl- 
edge to recognize the direction of the displacement.* 

A Spiain is an injury to a joint, accompanied by strain- 
ing, twisting, or tearing of the ligaments, without diElocation 
of the bones. A sprained joint should as a rule get imme- 
diate and complete rest, continned for weeks if necessary; if 
there he much swelling or continued pain, medical advice 
should be ohtuned. Periiaps a greater number of permanent 
injuries result from neglected spmins than from broken bones. 

' Ullocatioiu of die fingen can tmully be reduced by MroDg palling, 
aided by a little pressure on Ibe patUof the bones Dearest the joint. The 
rednclim of > dbdocatioii of Ibe thumb is mndi more difficult, (od cen 
Tireir be BCcamplithcd wllbom (killed udMance. 



CHAPTER VI. 



THE MUSCLES. 

The Husoles of the human body arc more than five hun- 
dred in number ■. thi:v vnrv much in from tinv ones at- 



tached to the bones of the ear to that on ihe front of the thigh 
( = 9, PI- H), whi. h pass^ from the pelvis to the tibia and is 
eighteen inches or more in length. Whatever their size, 
muscles have a similar stnicture and the same proijcrties ; 
their variety, fonns, and sizes depend on the ivork they have 
to do. In addition to their primary him lion of moviug the 
body the muscles give it roundness and sha],eliiiess ; they al^o 
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The Parts of a Mi 



tachi 



metse n irag in ii, and cover me v«,ti. in nimiuue mo be 
qmie insensible : lU head can men be cut oR ana iij. minimi caul Uesinived 
bf ninnmg a pm aiong ii. wnboui causing the animal onv oaia. i\ow 
nuOw dtcniir cuu ihnmgb ibe iKin at itte ion oi idc inigiis aim ttii^ti pvoi 
the akin off like a pur oi hDSe: ii wiu come quite easily except niniit ihr 
knee jdnt, where it maj be necessuy to divide carefullir one or two ttnigh 
bands. On the sliinped leg tnmy muscles will be observed, and the long 
slender lendons which nia to the toes. The eair muscle will be seen to 
end below in • atrong tendon near Ihc heel. If this be divided and tbe 
Sa 
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sonic of the muscles of the nnii. It 
will be seen that some (i, 2, 3) pass 
from arm to forearm : others (;, 6, 5, 
4, 8, 9) start from the forearm bones 
and ])ass to the bones of ihc hand ; 
near the wrist they end in slender 
tendons, which are bound down into 
place by a stout cross-band of con- 
nective tissue. The skm has been 
dissected away from the liack of the 
middle finger to show the endings of 
tendons on its jihalaiigcs. 

The belly of a muscle is its work- 
ing part: it reieives iicucs which 



eii c 



le tendons, 
mil to the 



parts to whic h thcv are attached. 

1 he tendons are otien (|iiite lonj;, 
as for example that ol the common 
extensor muscles ot the lingers (5, 
I'ig. 28). whose belly is in the upper 
half of the forearm. Init whoso tendon, 
\ dividing above the wrist, is dis- 
tributed to the joints of the fingers. 
The muscles which straighten the 
thumb (8, 5, and 10) are also seen to 
have long slender tendons. Tl|is ar- 
laiiL'i'munt makes the limbs li(jht and 



f 



It (he upper end of its 
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Some muscles pass over two joints and can produce move- 
tflent at either; the iice/J of the arm, fixed alwve to the 




Fio. vi™ of Ihe mracla of^Ulc Bunt^ 

scapula and below to the radius, can produce movement at 
either the elbow or the shoulder jomt. 

The shortemng of a muscle when it contracts is shown by 
the movement which it causes ; the thickening and hardening 
may be seen and felt on the biceps in front of the humerus 
when the elbow is bent, or m the ball of the thumb when it 
is moved so as to touch the little finger. The swelhng and 
hardening of a contracted muscle are daily illustrated when 
one schoolboy invites another to feel his "biceps." 
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The Origin and Insertion of Muscles. —'J'hat part of the 
skeleton to which the inner (i.e., nearer the centre of the 
body) end of the muscle is atlached is called its origin ; that 
to which the outer is attachi:d is called its insertion. Ordi- 
narily, the origin is the less movable end. This may be seen 
in the arm, where we find that when the belly of the muscle 



contracts and pulls on lis tendons, the result is com mo uly that 
only the forearm (insertion) is moved, the elbow joiut being 
bent as shown in Fig, 31 ; the shoulder (oriijin) is firm and 
serves as a fixed point. The distinction is, however, only rel- 
ative : if the radius were held immovable the rauscie would 
move the shoulder toward the radius, instead of the radius 
toward the shoulder; as, for example, in going up a rope 
" hand over hand." 

Varieties of Mnscles. — Many muscles have the simple 
typical form of a belly tapering toward each end, as A, 
Fig. 32 ; others divide at one end, and are 1 ailed two-headed 
Ot ii'ce^ muscles, and Slime ;iri- i^vcn three-headed or /t'citVi 
(back of upper arm). <lii llie utlicr li:iiid, some muscles have 
no tendon at one end, the belly itself being attached to the 
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bone ; a few have no tendon at either end. sometimes a 
tendon runs along the siae of a muscle, and the iiiires of the 
crare .itLiehed to It obliquely (B, i-ig. 
3^); such amiisde is ealled A»,»/<,™ or 
featherhke. from a faneieu resemblance to 
the vane of a leather; or a tendon may run 
down the middle of the muscle (C), which 




illed lipcnni/on 



^i"»AX'^Z ^i"nn>nt' along the irom 
SrSUv from the pelvis to the ch. 

P""""""""--'"- of the middle line, is a 
slraighl a f h ! n ( 1 

g.islric, consisting oi four bciiies scDaraied 
Many muscles are not rounaea. but fon 
wide, flat masses, as those which lie beneat 
the skin on the sioes of the abdomen. 

How the Hasclea are Controlled,— Mo; 
of the muscles of th 11) | 1 th 
th ) 1 e 1 I (, I tl 

Ojiposiie siae.+ The mu.scles are aicaciie 



Idle of tl 



long muscle. Ihc 
wna); it x^poly- 
ly short tendons. 



by the joint. Thus 
example, the biceps 
of Ihu humerus and 



I (I g 1 ) 
:uds the elbow ioin 
:^s uchind ihe arm bo 



THE GROSS STRUCTURE OF A MUSCLE. S7 



brain and cunl, wliich, through the nerves, govern the 

muscles and regulnte their activity. In convulsions these con- 
trolling organs are out of gear, and the muscles are excited to 




contract in all sorts of irregular and useless ways ; antagonists 
pulling against one another at the same moment cause the 
whole body to become rigid. 

The 6rou Structure of a HnKle.— Each muscle is an 
organ composed of several tissues. Its essential constituent is 
numbers of striped fibres constituting slriped viusctdar tissue. 
These are supported and protected by eomiective tissue, in- 
tertwined with blood and lymph vessels which convey nouT' 
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ishment and carry off waste matlets, and penetrated by 
nerves which govern their activity. 

A loose sheath of connective tissue, the perimysium, en- 
velops the whole muscle in a sort of case ; from it partitions 



these fasciculi, which may be readily seen in a piece of boiled 
beef In good carving, meat is cut across the fasciculi, or 
" across the grain," as it is then more easily broken up by the 
teeth ; the polygonal areas seen on the surface of a slice of beef 
are cross sections of the fasciculi. The larger fasciculi are 
subdivided by fine partitions of connective tissue into smaller 
(Fig. 35), each consisting of a few muscular fibres enveloped 
in a close network of minute blood vessels. Where a muscla 
tapers the muscle fibres in the fasciculi are less numerous, and 
when a tendon is formed they disappear altogether, leaving 
only the connective tissue. 

Eistolo^ of MuBole. — The striped muscular tissue, which 
gives the muscle its power of contracting, is found when ex- 
amined by the microsco|>e to be madeup of extremely slender 
muscle fibres, each about one inch in length, but mostof them 
less than -g^ji of an inch across. 

Each muscle fibre has externally a thin sheath or envelope, 
the larcolemma, which envelops the contiacting part of the 




run in and subdivide the 
belly of the muscle into 
bundles or fasciculi which 
run from tendon to ten- 
don, or the whole length 
of the muscle when it has 
no tendons. The coarse- 



.''ihf ness or fineness of 
depends on the si! 



of 
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fibre. This latter is soft and almost semi-fiuid ; under a 
microscope it is si;en to present a striped appearance, as il 
made up of alternating dimmer and brighter 
bands (Fig. 36). After death 
i of the fibre sobdify and dealh- 
stifening results ; at the same time the fibre 
often splits up into a number of very fine 
threads or fi>ritla!, which were formerly re- 
garded as true constituents of the living mus- 
cular fibre. 

The contraction of a voluntary muscle, as 
the calf muscle of the leg of a frog, is very 
rapid, as the entire twitch, including contrac- 
tion and relaxation, takes but one tenth of a 
second. 

Plain Muscular Tissue. — The mus( 
hitherto spoken of are all more or less under 
the control of the will : ive can make them 
contract or prevent this as we choose; they;,-,; 
are therefore often called the volunlarv mus-K. 
cles.* Ihere are in the body other mtisclesmi 

• No sharp line can be drawn between voluntary anil 111 




necesEarily always is so. Structurally, the heart occupies an intennedi- 
Ble place; its striped fibres resemble much more those of voluntary tltf n 
of involunlary mascka, Imt I^t is POt subject (q Ifae wHL 
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whose contractions we cannot control, a;ul whic;h are 
hence called involnntarj' muscles; they are not attached 
to the skeleton directly, not concerned in our ordinary 
movements, but lie in the walls of various hollow organs 




of the body, a-s the s(omai:h {I 'iu'. ,;7), tii.' .nid the 

arteries; by thoir i^onlmcliiiii> llu'v nunc ihc ( oiiiuiits of 
those caviiies. Liku the M>lim;,iiy iiuim k->, ilic involun- 
tary consist of contractile elcjufni-., luth a. < f>.or> coimijciive 
tissue, blood vessels, and ncrvcs ; luRtlicy aru much shorter 
and smaller, and thoir fibrts lia\o n very different appearanc e 
under the mierosrope.-i- They are not cross striped, bul are 
elongated cells united by a small amount of cementing 
material. Each cell (Fig. 38) is flattened and tapeis ofT 
towards ilE ends ; in its centre is a nucleus with one or two 

* The smooth muscle fibres vary much in size in difierent organs. 
An average might be: Length In. to ,1„ in.; lircadlh in. to 
in. Tbey are thus seen to b« About M long as (he voluntary muscle 
Stxea are broad. 
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stead of passing out into the water. Even if beef be soaked 
firsl in cold water this is still the case, as myosin is not sol- 



Vut, jg.— Kbcs fiwB On bean ibmlng Itae uriilliuii ud llic jancUooa of Ihi 
colli. HisU^r nwinifiai* 

uble in water.* It follows that beef tea as ordinanly made 
contdns little but the flavoring matters and salts of the beef, 
and some gelatin dissolved out from the connective tissQe of 
the muscle. The flavoni^ matters malce it taste as if it were 
a strong solution of the whole meat, whereas it contains but 
a small proportion of the really nutritious parts, which are 
left behind in tasteless shrunken shreds when the liquor is 
poured oft. Some things dissolved out of the meat make 
beef tea a stimulant to the nervous system and the heart, but 
its nutriLii'e value is small, and it lannot \k rdied upon to 
keep up a sit.k person's strength for any K'nfjth of tiini;. 

been suggested, in whicli (lie cliii|>iJe(i nicai is si.oki:.! an Imur ur iwo in 
ilTong brine oi in very dilute muriatic ac'ui. In Uim way^ tlii; myosin 
can be dissolved out of the beef ; )iul Ihg jinulucl lin.s such an unpleasant 

uste thai no one Is likely to swallow it, m4 ks^t of all h sith person. 




EXPLANATION OF PLATE IL 



A Tiew Dt Uu mmdes situated ou the front soibtx of itie bodj seen In 
thdr natural poulion. It must be nndeistood that benntli these umsdei 
many others «re atRBlcd, which cannot be re|«esented in the %nre. 

Unsdes of the Face. Head, and Heck : 

I. MuKlsof thsFoielieiid. Thk, loiHher wllh amuda u Ibt back oC [lie b»d, 
faaa tks power af raoviDff (he Kalp. 
>. Muscle ihu ckoes tlie BjElid^ The anack tbut mSia tha upper eydid n n u 
open ihc ere IS siiiuted wiibin the nUi. and cuueqaeoUr cannw bs kcd in 

3, 1. .Musciei ihat raise ihe Vpper up aad anelt oftli* Mouib, 
6, J. Muscles :nui depress ihe LoWDT Up lad mgle oFtbe Hantb. Br tbtacUon 
D[ the niii=i;L<;sulii<;n laije the uppM Up. aaa (hoK Ibat depRB Ihe lonr Hp, 




14, MiKlc* thai depiw the Wladplpe and Oigu ot Vgks. Tbe iiiiiKtei ibat ele- 
vate the lima parlM ue pCeeed beaeeth tbe Jower Jav, and caddDt be aeen in 
the Scan. 



Muscles that connect the upper extremity of the trunk. Pattions of 
four of these muscles are represented in the figure, viz, : 
IS- Maicle Ibat elevatee Iho Shoulder. Trapedu MukIe, 
17. Great Miaele of ibe CW, which draws ihe Arm in front of the Chest (Great 

the Bod7 (Luiirimiu Doisi). 
19. Sarrsted Hnade, wbioh eilends betneen the Hibsnnd Shouliler blade, and dnn 
tbe ShouJder forwanltaad routes ic, a movciaent which titVa place la Ibeelc- 
ntiog of Ibe ana above Ibe head (Serralut mavaus). 

At a lover part of the trunk, on each side, may be seen tbe large muscle 
-which, from the obliquedlrection of itsGbtn, is called 
H. Outer Oblique Mndc of Ibi Abdanen. 
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Sereral muKles l[e beaealh it. Tbe outline of one or ibese, 
ai. SlrdghtMuEcleaf the Abdomaii nujr beieen beneath the enttmkdtcndQa of 
iDKidon of the DbliqiK miucle. These abilaiiuiuil miudca, by lluur GOPCmctioa, 
posKU the pover ctf comprcs^Dff the coDtcnta of the abdomeiL 

Muscles of tbe uppei extiemlly : 

16. MUide Ibat elevalei the Ann {Deltoid Uiude). 

A Bicepajnr Tw»lmi1ed Miudc (see aho pafe ss)- 

aj, Auatlot Miucle of Iho Ann. Thli and the BlBpi ue tor the pnipoH of bend- 

>4. Tikepi, or Thtee-houled Hoscle. Thli coiu»ei«ct> tbe IwR t>s nucls, fork 

extendi the Foeeaitn. 
31. Muads thiU bend the WriK ud Flagen, ud pnuBte the Ferearm lad Hand 

—that Ii, tuni the Hand with the pnhn downininb. Ttaer an called die Ftuor 



at. HUlclslhateileiKllheWiM aild FIPKcn, andmirinalelheFareiiiii andtfind 




Muscles which connect the lower extremity to the pelvic bone : (Sev- 
eral are represented in the figure.) 

X). Muicte uiuaJIf itUed to have the power of enaring one Leg am the other, 
hence called Ibe TaUer'a MnKle, ar5an«i»i luteal action btoaailu In iHnd- 

30. Huielei that dtawtheThlshsloietheT (Adductor Uiuclcs). 

31, MuKtei that extend or alralghlen ihe Leg (ExunaorMuidei). Tfaemiindei 
that bend the Leearo placed on the lack of the thl|h,» that Ibe)' canooc be 



Muscles of the leg and loot : 

1^.- Muscles that raise tbe Heel— theK (Onn the prominence ol the calf of Ibe L^. 




The muscles which mm the fra.l inw^ird-. -i> .i~ i.> ,<.ui (,i.ut [iw h\M- 
named muscira, lie licncalh itmx miis.lr.s nl iln: ,air, iiliiili umsi- 

].riricipally placed on Ihesoleofllie fcwit, ui that Ihey cannot be seen in the 
figure. Only one muscle, 36, which aassls in extending the toes, is placed 
on the tack of the foot. 
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Liebig B Extract of Meat is eostnuailv um a conceniraied 
beef tea ; from its stirauiauiiir ciicci is oiteii useful to per- 
sons in feeble health, hut other food should be eiven with it. 
It contains aU the flavoring matters of the meat, and its 
proper use is for cnaking gravies ana ilavoring soups : the 
erroneousness of the common belief that it is a highly nutri- 
tious food cannot be too strongly insiEted upon, as sick per- 
sons may be starved on it. 

Vanous mea/ exiracis are now prepared by subjecting beef 
to chemical processes m which it undergoes changes like 
those experienced m digestion. Ihe myosin is thus made 
soluble in water and uncoagulable by heat, ana a real con- 
centrated meat extract is obtained. Before relying on any 
one of them for the feeding of an invalia. it would, however, 
be well to insist on having a statement of its method of 
preparation, and tnen to consult a physician, or some one 
else who has the requisite knowleage. in order to ascertain if 
tne metnod is sucn as migbt be expected to attain tue ena 
desired. 
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MOTION AND LOCOMOTION. 

The Special Physiology of MaaoleB. — The distinctive 
property of muscular tissue (i.e., its power of contraction) is 
everywhere the same ; but the uses of different rnuscles are 
varied by reason of their dilTcrent positions and mechanical 
condition. Some are muscles of respiralion, others of swal- 
lowing ; some bend joints and are called flexors, others 
straighten them and are called extensors, and so on. The ' 
determination of the exact use of any particular muscle is 
known as its special physiology, as distinguished from its gen- 
eral physiology, or properties as a muscle. Wc may here 
consider the special physiology of the musdes concerned in 
standing and walking. 

Levers in the Body.— In nearly all cases the voluntary 
muscles perform their work with tlie co-operation of the 
skeleton. When muscles move bones the latter are to be 
regarded as levers whose fulcra lie at the joint where the 
movement takes ]>lace. Examples of the three forms of 
levers recognized in mechanics are found in the human body. 

Levers of the First Order. — In this form (Fig. 40) the 
fulcrum or fixed supporting point, F, lies between the weight 
to be moved and the moving power. The distance PF 
from the power to the fiilcnim is called the power-arm of the 
lever, and the distance WF is the weight-arm. When 
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power-arm and weight-arm are equal (as in an ordinary pair 
of scales) no mechanical advantage is gained; to lift a 



I)Oim(l al W, P must be pressed down witli a force slightly 
greater than a jioimd ; and the end W will go up just as far 
as the end P goes down. \{ PF\»t longer th;in WF, then a 
small weight at P will balance a larger one at W, the gain 
being greater the greater the difference in the Itngth of the 
arms, but the distance through which W is moved will be 
less than that through which F moves ■ for example, if P/'is 
twice as long as WF, then half a pound at P will lialance a 
pound at \V, and a little more than lialf a poimd laid on the 
end P will lift a pound on the end IF, htit \V will only go 
up half as far as P goes down. On the other hand, if the 
weight-arm is longer than the power-arm there will be a loss 
in force, liut a gain in the distance through which the weight 
is moved. 

An example of levers of the first order is found in nod- 
ding movements of the head, the fulcrum being where the 



occipital bone articulates with the atlas (Fig. 26). When 
the chin is raised the power is applied to the skull behind 
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the fiilcmm by muscles |ia,ssi[ig from iho spinnl coliiiiiii 10 
the back of the head ; thL' resi.slance to be overcome is the 
excess in weight of the part of the head in front of the ful- 
crum over that behind it, and is nat great, as the head is 
nearly balanced on the toji of the s])ine. 'I'o let the chin 
drop does not necessitate any luiiscular effort. 

The pull of the triceps to straighten the arm, and of the 
calf muscles in rising on the toes, are additional examples of 
the action of levers of the first class ; the fiilcnim in each 
case is at the joint, as it is in all the lever sfstems of the 
body. 

levers of the Second Order.— In this form of lever (Fig. 
4r) the weijiht or resistance iu.ls LelMt-cii the fiikriim and 
the power. The poiver-arni, FI-', is accordinf;ly ahi ays longer 
than the weight-arm, WF, and so a comparatively weak 
force can overcome a considerable resistance. There is, 
however, a loss in rapidity and extent of movement, since 
it is obvious that when F is raised a certain distance Wwill 
he raised less. Levers of this class are practically unknown 
in muscular action. 

Levers of the Third Order.— In these (Fig. 41) the 
power is applied between the fulcrum and the weight ; hence 
the power-arm, FF, Is always shorter than the weight-arm. 




WF, The moving force acts at a mechanical disadvantage, 
but swiftness and range of movement are gained. This is the 
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fonn of lever most commonly used ia the body. For exam- 
ple, when the forearm is bent up towards the arm, the 
fulcrum is the elbow joint (Fig. 31); the power is applied at 
the insertion of the biceps muscle into tlie radius ; the weight 
is that of the forearm and hand and whatever may be held in 
the latter, and acts at the renire of l'mi ity of the whole, 
somewhere on the far side or the puini of application of the 
power. Usually (as in this ca^e) Ihe power-arm is very 
short, so as to gain speed and extent of movement, the mus- 
cles being strong enough to work at a considerable me- 
chanical disadvantage. The limbs are thus also made much 
more shapely than would be the case were the power applied 
near or beyond the weight. 

Pulleys in the Body. — Fixed pulleys are used in the 
body ; they give rise to no loss or gain of power, but serve 
to change the direction in which certain muscles pull. One 
of the muscles of the eyeball, for example, has ils origin at 
the back of the eye socket, from there it j^aKses to ihc front 
and ends in a long tendon, liefore it reaches the eyeball. 
TTiis tendon passes through a ring attached to tlie margin of 
the frontal bone, and then turns back to its insertion on the 
eyeball. The direction in which the muscle moves the eye 
is thus quite different from what it would be if the tendon 
went directly to the eyeball. 

Btuiding. — ^We slowly learn to starid in the fitst year after 
birth, and though we finally come to do it without conscious 
attention, standing always requires the co-operation of many 
muscles, giuded and controlled by the nervous system. The 
influence of the latter is shown by the fall following a severe 
blow on the head, which has fractured no bone and injured 
no muscle; "the concussion of the brain" stuns the man, 
and until it has passed off he cannot stand. 
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When we stand erect, with the arms close bjr the ddes and 
tfie feet together, the centre of gravitf of the whole adult body 
lies at the articulation between the sacrum and the last lumbar 
vertebra, and a vertical line drawn from it will reach the 
ground between the feet. In any position in which this veriical 
&Ils within the space bounded by a line drawn close around 
both feet, we can stand. When the feet are together the area 
enclosed by this line is small, and a slight sway of the trunk 
will throw the centre of gravity of the body outside St ; the 
more one foot is in front of the other, the greater the sway 
back or forward which will be compatible with safety, and the 
greater the lateral distance between the feet, the greater the 
lateral sway which is possible without iailing. Consequently, 
when a man wants to stand very firmly he advances one foot 
obliquely, so as to increase his base of support in both direc- 
tions. 

In consequence of the flexibility of its joints a dead body 
cannot be balanced on its feet as a statue can. When we 
stand, the ankle, knee, and hip joints, if not braced by the 
muscles, give way, and the head also falls forward on the 
chesL But (Fig, 43) muscles (i) in front of the ankle joint, 
and others (I) behind it, by contracting at the same time, 
keep the joint from yielding; similarly the contraction of 
muscles (3) in front of the knee and hip joints, with theiran- 
tagonists (II), make these Joints rigid ; in like manner, the 
muscles (III) which run from the pelvis to the back of the head 
pull against those (3 and 4) which run fi^om the pelvis to the 
lower end of the breastbone, and from the upper end of the 
breastbone to the anterior part of the skull, and their bal- 
anced contraction keeps the head erect. Since the degree 
^o which each muscle concerned contracts when we stand must 
be accurately adjusted to the contraction of its antagonist 
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on the opposite side of the joint, we may easily comprehend 
why it takes us some time to learn to aland, ami why a stimned 
man, whose muscles liave lost giiidam-e 
from the nervous system, falls. 

Locomotion includes all movements of 
the body in space, dependent on its own 
unaided muscular efforts, such as walking, 
running, leaping, and swimming. 

Walking.— In walking, the heel of the 
advanced foot reaches the ground before 
the toe of the rear foot has been raised 
from it. In each st^ the advanced 4eg 
supports the body, and the rear foot 
propels it. 

A little attention will enable any one 
to analyze the act of walking for himself. 
Stand with the htela together and take 
a step, commcncinj; ivitK the left foot. The 
whole body is at first inclined fonvards, 
the movement taking place mainly at 
the ankle joints. This throws the centre 
of gravity in front of the base formed by 
the feet, and a fall would result were 
not the Mt foot simultaneously raised by 
bonding the kni;c a littli:, and sivunj; for- iratin^iL mnjSo^Mwn 
wards, the toes just clear of Ihe ground and "^'||fjj !?t'i(.inis''Bnil'br 
the sole nearly parallel to it. When the iii'T'jvliiiis lijiil'Ti'S 
step is completed the left knee is straight- '*»'J'"™' 
ened and the foot placed on the ground, the heel touching 
first ; the base is thus extended in the direction of the 
stride and the fall prevented. Meanwhile the right leg 
is kept straight but inclined forwards, carrying the trunk 
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during the step while the left foot is off the ground ; the 
right foot is now raised, commencing with the heel, and 
when the stt'p of the left leg is completed, only the great 
toe of the rij,'ht is in contaLi with the support. With 
this toe a push is given which sends the body swinging for- 
ward, supported on the left leg, which now in turn is kept 
rigid except at the ankle joint ; the right knee is immedi- 
ately bent and that leg swings forwards, its foot just clear of 
the ground, as the left did before. The body meanwhile is 
supported on the left leg alone. When the right leg com- 
pletes its step its knee is straightened and the foot thus 
brought, heel first, on-the ground ; while it is swinging for- 
wards the left heel is gradually raised, and at the end of the 
step the great toe alone is on the ground ; with this a push is 
given as was the case with the right foot, and the left leg 
then swings for\vard to make the next step. Walking may, 
in fact, be briefly described as the act of continually falling 
forward and preventing the completion of the fall by thrust- 
ing out a leg to meet the ground in front. 

During each stej) the body sways a little from side to side, 
as it is alternately borne liy the riglit and left leg^;. It also 
sways up and down a little; a m:in standing with his heels 
together in taller than when standing with one foot advanced, 
just as a pair of compasses held erect on its points is higher 
when its legs are together than when Ihey are apart. In that 
period of each step when the .ulvaneing trunk is balanced 
vertically over one leg, the walker's trunk is more elevated 
than when the front foot also is on the ground. Women, 
accordingly, often find that a dress which clears the ground 
when they arc standing sweeps the pavement when they 

The length of each step is primarily dependent on the 
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length of the ItgH. though it can Ic (.onlrollLil bv muacuL-ir 
elTort : this control we scl- in :i regmiL-nt of soldiers, all of 
whom have been taught to take the same stride, no matter 
lOw their legs vary m leni^th. In natural easy walking, litlle 
muscular effort is emploved to carry the rear leg lorward 
after it nas yiveii iis misii ; it s^v:ngs on like a penduhim 
when Its loot is ciear oi the ground. As short pendulums 
swing faster than long ones the natural step of short-legged 
people IS quicker than that of long-leggea. 

Running differs from walking in several respects. There 
IS a moment when both feet are off the ground ; the toea 
aione come in contact with it at each step : and the knee 
joint 13 not straight at the end of the step. In ninning. 
when the rear foot is to leave the ground the knee is sud- 
denly straightened and the ankle lomt exlenaea so as to push 
the toes forcibly on the ground and powerftiUy impel the 
whole body forwards and ujiwards. The knee is then flexed 
and the toot raised before ihc eocs of the Iront foot reach the 
ground, fn each step the raised leg is forciiilv drawn for- 
ward and not allowed to swing passivelv as in ninet walking, 
il t 1 I II n a ier 

and [he oiie-iegLfcd jumu iiiaL oi.curs mrouiih die jerk given 
by the straiL'hleninL' knee of the rear lei;, iiist before it leaves 
the ground, increases me disiaiice i overed at each stei). 

Hvgiene of the MaBcles. — Ine neaitnv working of the 
muscles IS dejieniieni on a li(;aiinv state oi ine liodv in gen- 
e il He ce 1. 1 e 

vigorous muscular syst.m. .\lu,.;k-s also slioiild not be e.v- 



necessary for the liest developii 
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muscles. A muscle long left unused diminishes in bulk and 
degenerates in quality, "as k well seen when a muscle is para- 
lysed and remains permanently mactive liecause of injury to 
its nerve ; although at first the muscle itself may be perfectly 
healthy, it alters in a few weeks, and when the nerve is re- 
paired the muscle may be incapable of activity- The same 
&Ct is illustrated by the feeble and wasted state of the mus- 
cles of a limb which has been kept motionless m splints for a 
long time; when the splmts are removed, it is only after 
careful and persistent exercise that the long idle muscles 
ret'ain their former size and power. The great muscles of 
the "brawny arm" of the blacksmith illustrate the converse 
fact — ^the growth of muscles when exercised. 

Exerciw, to be useful, must be judicious ; taken to the 
point of extreme fatigue, day after day, it may do hann. 
When a muscle is worked some of its substance is us<;d up ; 
at the same time and afterwards more blood flows to it, and 
If the exercise is not too violent ana the intervals of rest are 
lopg enough, the reiiair and growth win keep pace with or 
exceed the wasting, bur excessive work and too short rc^i 
like too httie exercise may lead lo diminution and enieebie- 

Few persons can protitauiy airempi to work hara aauy 
wnh both brain and muscie. but an should reguiariv use 
both, choosing which to work with, ana wnich. mereiv to 
exercise Ihe best earthly Jife. that oi the ncaiuiv nnmi in 
the healthy boay. can omy so be aitiniiL-a. l or iiiTM>ns of 
average physique, engagea in stuuv ot Lni^iuLS^ uLirsiui.-, of a 
sedentary nature, the minimum of uaiiv t\erijie anouio be 
an amount equivalent to a five or an eiL'ni nuiu walk. 

Time for Ezeroite. — Since extra mu.scinar work means 
extra muscular waste, and should be accomjianica by an 
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abunda.nt supply of food materials to the musclus, violent 
exercise should not be taken after a long fast. Neither 
should it be taken immediately after a meal ; a great deal of 
blood is then needed in the digestive organs to provide ma- 
terials for digesting the food, and this blood cannot be sent 
off to the muscles without the risk of an attack of indiges- 
tion. Strong and hearty young people may take a long 
walk before breaklasl, but others should wait until after 
eating before engagmg in any kind of hard work. 

Vartetiea of Exeicise. — In walking and running the mus- 
cles of the lower limbs and trunk are chiefly used, whereas 
the muscles ot the chest and arms are not. Rowing is better, 
since in it nearly all the musdes are active. No one exercise 
employs in proper jiroportion all the muscles, and gymnasia 
in which different feats of agilily are practised ao as to call 
different muscles into action have a deserved po])ularitv. It 
should be borne m mind, however, that the legs especially 
need strength, whereas the arms need delicacy of control 
rather than great stren^ith. Out-of-rioor exercise in good 
weather is better than aiiv other, ami every one can at least 
take a walk. I he daily " constitulional is very apt to 
become wearisome, es|K:cialIv to young persons, and exer- 
cise loses half its value if unattended with leeliiigs of menial 
relaxation and pleasure. Active games, for this reason, 
have a great value for vount; and healthy persons ; bicycling, 
golf. lawn-teniiis. baseball, and cricket are all attended wilh 
pleasurable exntement. and are excellent as exercising many 
muscles, Such exLTuses ;is make one breathe fasier and 
deeix;r and iiicrLiiai; the rajjidlty and force of the |nilse are 
excellent for giving exercise to the heart and trainmg the 
respiratory and circulatory nerve cenlres. The lungs and 
chest are also developed therebjr. 
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WHY WE EAT AUD BREATHE. 

How is it that the Body can Do Muscular Work T — In 

the muscles we possess a set of organs capable of mo\ ing the 
hody from place to place, of changing the relative positions 
of its parts, and of lifting external objects ; as long as we are 
alive, some of our muscles are at each moment doing me- 
chanical work. This lad suggests the question, where does 
this power of working come from ? 

The Conservation of Energy. — The diiTert^iit nattiral 
forces known to us are not nearly so numcro^is as the chemical 
elements; we all, however, know several of them, as light, 
heat, electricity, and mechanical work. One of the greatest 
discoveries of the nineteenth century is that these different 
natural forces, or furms nf eiivrgv, can be turned one into 
another, directly or indirectly. Kinds of energy are trans- 
nuit.T-ble, while, so far as we know at present, kinds of mat- 
ter are not. We cannot, as the alchemists hoped, tnrn iron 
or mercury into gold, but we lau turn heat into light, into 
electrical force, or into mechanical work. When such trans- 
formations are made it is always found that a definite amount 
of one kind of energy disap]>ears to give rise to a definite 
amount of another. In other words, it has been discovered 
that energy cannot be created. If we take a given quantity 
of heat we can turn it into mechanical work; if we then 
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turn all this mechanical work bai'k into heal ivc get agaiu 
exactly the quantity of heat which disappcareil when the 
mechanical work appeared, and so with ^]\ othi'r transforma- 
tions of energy from one kind to aiiotlicr anil bai k again. 
This fact that energy or work-power can be liirned from one 
kind into another, and o/len back again, but never created from 
nothi'ig or finally destroyed, is known as the law of the con- 
,/tmrgy. 

Illuatrationa of the Conservation of Energy. — -In a steam- 
engine, heat, which is the liest known kind of energy, is pro- 
duced in the furnace. When the engine is at wotk all of this 
energy does not leave it as heat ; some is tinned into me- 
chanical work, and the more work the engine does the greater 
is the difference between the heat generated in the furnace 
and that leaving the machine. If, however, we u.sc the work 
to rub two rough surfaces liigether we can get Ihe heat liack, 
and if (whicli of course ia impossible in practice) * we eould 
avoid all friction between the moving parts of the machine, 
and have all parts of the engine at the end of the experiment 
at exactly the same temperature as at the beginning, the 
quantity of heat obtained plus the tiuantity which ha.s been 
carried off from it by the air since lis fires were lighted 
wotild be exactly equal to the amount of heat otiginnlly gen- 
erated in the furnace of the engine. Having turned some of 
the heat into mechanical work we could thus turn the work 
back into heal again, and find it yield exactly the amount 
which seemed lost. 

Or we might use the engine to drive an electro -magnetic 
machine and so turn part of the heat liberated in its furnace, 

* Thf li>s^^-s "f luMt [hn-u^li 111.- ii.-.iCni; of tliB air, and 

the los'iC'^ (it niutluuii,-.!! ,ln'it;y t.y trlilr..!! Kl.n-.-ri 111,- p.irts of m3- 
ebines, arc gr«&t and constantly diminish I)ie supjily of force. 
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first into mechanical work, and this afterwards into elec- 
tricity; and if we choose to use the latter with the proper 
apparatus, as now used for electric lighting, we can turn 
more or less of it into light, and so have a great part of the 
energy wliith first became conspicuous as heat in the engine 
furnace, now manifested in the form of light at some distant 
point. Ill theory, starting with a given quantity of one kind 
of energy, we may turn it into one or more other forms; but 
if we collect all the final forms and retransforin them into the 
first, we shall have exactly the amount of it which, disap- 
peared when the other kinds appeared. 

Why We Heed Food.— Energy, as we have seen, cannot 
be created from nothing; since the body constantly expends 
energy, it must have a steady supply. This supply comes 
from the energy liberated when substances in the body are 
burned, or, as the chemists say, oxidized, just as that used by a 
locomotive comes from (he burning or oxidatim of coal or 
wood in its futnace. In consequence of this constant oxida- 
tion, new tnaterials must constantly be supplied to make up 
for those used for oxidation. These new materials are pro- 
vided in our food. One chief reason for eating is that ytc 
may replace the material which has been burned to set free 
the energy needed for our muscular 'elTorts. 

Whf the Body ii Warm. — Keeping w arm is a very im- 
portant matter, for experiment shows that np tissue of the 
human body works well when cooled down even a few de- 
grees below 98.5" F., its natural healthy temperature. Care- 
ful experiments prove that when a muscle works it becomes 
hotter, and we all know that exercise makes us warm. This 
shows that the oxidation which takes place in 3 working 
muscle is not all turned into mechanical work, hut a' good 
share of it appears as heat yiiaX is true of muscle is true of 
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all other organs of the body when they work. No matter 
what their kind of work, material is oxidised, and some of 
the energy set free bx the oxidation appeals as heat, assist- 
ing to keep the body warm and at its best working tempera- 

A Second Reason Why We Need Food. — Since the body 
works best at a tcm])craturi; higher than that of the surround- 
ing air (except on a. very hot day}, and in health alwa.y5 
keeps at this temperature, it must lose heat nearly alt the 
time. At night each of us is, in health, just as warm as in the 
morning, and in the morning as when we went to bed, 
though we have lost heat to the air during the day, and to the 
bedclothes at night. In cuxlertokccp our bodies at the tem- 
peratm% most suitable to their activity, they must, therefore, 
generate heat all the time, to compensate for its continued 
loss. In this necessity of generating heat we find a second 
reason for taking food. 

TlLe Influence of Starratlon upon Mtucnlai Work and 
Anfuiftl Heat. — The body does not live, work, and keep 
warm by means of any peculiar vital force or energy which 
inhabits it, but by utilizing the energy set free in it by the 
oxidation of foods, or of substances made in it from foods. 
When a man is deprived of food, the supply of material for 
oxidation is cut off; the body fitst uses up any reserve of 
nutritious matter which tnay have been stored up in it when 
the starvation commenced, then the tissues are attacked, and 
as tliey are burned up the body becomes weaker and weaker 
until death supervenes. 

* When warm.lilooded aninials are starved their temperature slowly 
£illi; and when it comesdown tuBbout77° F. (zs" C) death occun. TUe 
various tissues at that temperatun: can no longer work M as to maintain 
life. 
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depends jiaitly on how miii.h rL-serv<^ iimli 



.11 lact. a son OT reserve luei. laid up in uie bodv. and one 
iiardiv Ue said lo Degin lo Starve uniu his (at has nearly 
,lll„.e„ ns,.<l„,,.| 

Oxidaiions in ihe Bodv. — in ine Drcrctnnir naragranns 
jxidation and Inirlliily have been used as L^niivalcnt i)hra,ses, 
n accordance with the teachings of eliemislry. To the 
:hemist a substance is burned when it is combined with 
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oxygen, whether this combination takes place slowly or 
rapidly. If the combination occurs rapidly, the burning or 
oxidizing mass becomes very hot and also gives off light. 
Such a rapid and vigorous oiiidation is called a cotabusHan; no 
combustion.s take place in our bodies. 

It ha-s, howevi^r, hccn jiroved that whether the combination 
of oxygen with an oxidizalili;, or hurmibh, substance takes place 
rapidly or slowly, at tl:e end of the process exactly the sanie 
amount of energy will ha^ e been set free in each case. When 
the oxidation occurs in a few seconds, the oxidizing mass be- 
comes very hot ; when it occurs slowly, in a few days or 
weeks, the mass will never be very hot, because the heat 
set free in the process is carried off nearly as fast as it 
appears. 

niiutra.tions of Oxidations at a Low Temperature. — If a 

piece of magnesium wire be ignited in the air, it will become 
white-hot, flame, and leave at the end of a few seconds only a 
certain amoimt of incombustible ruj/ or ma^nejia, which con- 
sists of the metal combined with oxygen ; under these circum- 
stances it has been burnt or o.viilized quickly at a high 
temperature. The heat and light cvoUcd in the process rep- 
resent the energy which is set free by the union of the metal 
and oxygen. We can, however, oxidize the metal in a dif- 
ferent way. If, for insiani e, wc leave it in damij air, it will 
be gradually turned into magnesia without having ever been 
hot to the touch or luminous to the eye. The |)rocess then, 
however, takes days or weeks, but in this slow oxidation just 
as much energy is liberated as in the fornier case, although 
now all takes the form of heat. The slowly oxidizing magne- 
sium is, in conseijuence, at no moment noticeably hot, since 
it loses its heat to surrounding objects as fast as it generates it. 
The oxidations occurring; in our bodies are of this slow kind. 



So 



TH£ HUMAN BODY. 



An ounce of arrowroot ONidi2e(l in a Hre liberates exactly 
as much energy as if burned in the body, but the oxidation 
takes place in a shorter lime and at a much higher tem]>era- 

Oxidatiou in the PrBBence of Moisture.— Wet wood or 
wet coal we know will not burn easily, but other kinds of ox- 
idation which take [ilace iii the presence of moisture are well 
known. The rusting of iron, for e\am])le, is an oxidation of 
the metal, and takes place faster in damp air than in dry; 
during the slow rusting in moisture just as much heat is set 
free as if the same compound of iron and oxygen were pre- 
])ared in a more ra])id wa)'. Such experiments throw great 
light on the oxidations which take place in our own bodies. All 
of them are slow oxidations, which never at any one moment 
give off a great amount of heat, and all occur in the wet 
tissues. 

(1) The body is enabled constantly to expend energy in 
muscular work and in heat only because the l;uv of the i on- 
servation of energy is operative here as elsewhere in nature's 
dominions. 

(2) This law is: Energy can be transformed from one 
kind to another, but can never be created from nothing, 
increa,sed, diminished, nor finally destroyed. 

(3) In aec;ordame with this law the enei^ Mi«nded by 
the body must have a source. 

(4) Investigations have shown that the source of ihe body's 
energy is found in the oxidation of nia1eri;ils, 

(5) Such oxidizable materials are liirnished by food, which 
includes not only that taken into the body at any time, but 
storage substanee, such as fat. 

(6) Rapid and vigorous oxidation is combustion, 
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(7) The same amoiiiii of energy is liberated whether the 
oxidation is slow or rapid. 

(S) In ihi; body oxidation is always relatively slon-, anrt 
takes iilacc in the presence of moisture. 

(9) Hence, by the transformation of energy through oxi- 
dation in the body of the materials furnished by food, the 
body is enabled to expend (i?) mviswilar energy, whereliy its 
work is accomplished ; and (1/ ) heat, whereby its tissues are 
kept at their best working tcmperalnrc and the constant outgo 
of heat compensated. 

The Oxygen Food of the Body. — Hitherto we have con- 
sidered the energy supply of the bo<iy only from one side ; we 
have regarded it as dependent on the constant Kup]jly of 
oxidizable material, liut this is oiilyhalf the (lucstion, since 
if substances are to be ONidi/.eri ihero must be a provision of 
oxygen to oxidize theuu 

In order that a steam-engine may work and keep warm it is 
not merely necessary that it have plenty of coal, but it must 
also have a draught of air through its furnace. Chemistry 
teaches ns that the burning in this case consists in the combi- 
nation of a gas called oxygen, taken from the air, with carbon 
and hydrogen in the coals; when this combination takes 
place a great deal of heat is given off. The same thing is 
true of our bodies. In order that food matters may be burnt 
in them and enable tis to work and keep warm, they must be 
supplied with oxygen ; this they get from the air by breathing. 
We all know that if the supply of air be cut off, a man will die 
in a few minutes ; his food is no use to him unless he gets 
oxygen. While he usually has stored up in his body an ex- 
cess of food malteis, he has little or no reserve of oxygen. In 
ordinary language we do not call oxygen a food, but restrict 
that name to the solids and liquids which we swallow; hut 
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inasmuch as it is a nialerial which we must take from the 
external universe into our bodies to keep us alive, oxygen is 
really a food. Suffocation, as death from deficient air supply 
is named, is really death from oxygen starvation. 
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CHAPTER IX. 
NUTRITION. 

The WaitM of tlie Bo^. — ^A. man takes into his body 
daily several pounds of foods of various kinds, as meats, 
bread, vegetables, and water, yet he grows no heavier. It is, 
therefore, clear that his body must in every twenty-four hours 
return, on the average, to the outside world about as great a 
weight of matter as it receives from it. Even in childhood, 
while growth is taking pUce and the body becoming heavier, 
the gain is always much less than the weight of the foods 
swallowed. The materials given off daily from the body, 
which balance more or less accurately the receipts from the 
outside world, are its taaties, and are chiefly things which 
cannot be burned. Much of the food taken in can be, and 
is, ondiKed to enable us to move and keep warm. When 
burned it is of no further use to us, and would only clog up 
the various organs, as the ashes and smoke of an engine 
would soon put out its fire if they were allowed to accumulate 
in the furnace. The chief wastes* of the body are carioB 
dioxide gas, vxtler, and a substance related to ammonia called 

• Chemically these wastes are : 

Carbon dioiide = CO, 
Water = H,0 

Urea = CON.H,. 
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BeoeptiTe and Exoretory Oi^[aiu. — ^Thosc oigaiis of the 
body whose function it Is to gather new material from out- 
side Tor its use are known as receptive organs. There are 
two diief sets of these — one to receive oxidizable things, and 
the other to receive oxygen. The first set is represented by 
the alimentary canal, couKisting of moulh, guild* sinmach, 
and intetlmei. It lakes in food and drink. 'I'iic second set 
consists of the lungs, with the air passages leading to them. 
Their business, as receptive organs, is to absorb oxygen. 

The organs whose du^ it is to get rid of ivaste materials 
formed in the body are called excretory organs. The three 
most important excretory organs are the hmgs, the kidneys, 
and the skin. The lungs give out carbon dioxide gas and 
water ; the kidneys get rid of urea and water ; and the skin, 
of water, common salt and a minute quantity of urea. 

Tlte Istemediate Steps between Beoeptlon and Ezcre- 
tion, — Between the taking of oxidizable substances into our 
mouths and oxygen into our lungs, and the return of oxidized 
matters from our bodies to the surrounding world, a great 
many intermediate steps take place. The alimentary canal 
(see Fig. r) is a tube which runs through the body but no- 
where opens into it. So long as food lies in this tube it 
therefore does not really form a part of the body, and is of 
ito use to it ; it resembles coals in the tender of a locomotive, 
waiting to be transferred to the furnace In our bodies the 
furnace is everywhere ; wherever there is living tissue, sub- 
stances are burned to enable it to work. Hence the food or 
fuel must be brought to every comer of our frames. 

Station. — A great part of our food is solid, and could 
not of itself get ont^de of the alimentary canal. To render 

* The technical name fiir the gullet is aiofiagia. 
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it available it must be dissolved so that it can soak through 
the walls of the stomach and intestines. For this purpose 
we find a set of digestive organs to make solvent juices and 
pour them upon the food ivhich we swallow, and SO get it 
into a liquid state in ivhich it can be absorbed. 

Cironlation. — If the solution containing our digested food 
simply soaked through the walls of the alimentary canal, it 
could not reach the distant parts, as the brain or the muscles 
ol the hmbs. We lind. therelore, in the body a set of tubes 
contammg blood, called blood vessels : the blood js driven 
through these by a pump. Ihe hi-arl. Much of the dissolved 
food passes mto the blood vessels of the ahmentarv canal, 
and from them is earned by connecting blood vessels to 
every organ, no matter how remote. As the blood flows 
uni:easingly, round and round m ils vessels, from jiart to 
part, the organs coni;erned in movint; and conveving it are 
called circulaiurv vTi;,ms, and the blood flow itself is known 
as the circulation. 

AbsoibentB. — Some of the dis.solved food is taken up into 
another set of tubes in the walls of the alimentary canal; 
these lubes carry it afterwards into the blood vessels. They 
are called the absorbents, or lymphiitics. 

Respiration, — The blood in its course flows through the 
lungs. It is necessary not merely that food but o.\ygen also 
should be carried to every part of the body. As the blood 
traverses the lungs it jiieks up oxygen from the air in tlieni ; 
this air is then replaced by taking a fresh breath, and so on. 
The organs thus concerned are the reifaraliuy organs, and the 
act of renewal is respiration. 

Assimilation. — As each organ works it oxidizes ; some of 
its substance is broken down by combination with oxygen 
brought to it by the blood, and is thus converted into burnt 
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waste matter. The blood, as wc have seen, Ijrings, however, 
not merely oxygen lint also fnod mailers in solution. These 
ooze through ihe wnlls of the lilooti vessels, ami are taten up 
by the living tissues and luiilt into new tissues like them- 
selves,, to replace the jjart whi<:h has been used u]i and de- 
stroyed. This biiilrling and repair of tissues and organs from 
the dissolved food obtained from the Mood is knoivn as as- 
tmilalion — ^in plain English, "a making alike." Eadi liv- 
ing tissue takes from the blood foods ivliich are not like 
itself, and builds them up into a fonn of mailer like its own. 
The converse process, which accompanies all vital action, the 
breaking down into wa-stcs of a living tissue when it works, is 
called diisimilalion, or " a making unlike," 

The Belation of the Circolatory Organs and the Ab- 
sorbents to Excretion. — It is es.sential to the body that its 
wastes be carried off. Here again the blood vessels and ab- 
sorbents, or lymphatics, come into play. Lymphatics are 
found not only in the walls of the alimentary canal, but all 
over the body. The wastes of each working tissue are 
passed out into them, and by them carried into the blood 
vessels ; these in turn carry the wastes to the lungs, kidneys, 
and skin which get rid of them. The blood is thus \m im- 
portant for removing the waste matters of an organ as for 
supplying it with food and o^:y^,'cn. 

Nutrition.— Irani what has been saiil above, it is clear 
that the nourishment of the body is a very rf.iii|j|i(alod pro- 
cess. It im|>liLS— (i) the rerqilion offend fn„n outside; 
(2) the digestion of food ; (^) Ihe absorption of digested 
food ; (4) the absorption of oxygen in (he lungs, :\nOi its con- 
veyance by the blood 10 every organ ; (5) the conveyance of 
absorbi:d food and o\ygeii to all ]arls bv ilic blood; (6) a.s- 
similation or the building up of new tissue from materials 
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brought bj' the blood; (7) i;iM!;:.imilaiion, ot the breaking 
down of working tis-sues by combination with oxygen; (8) 
the taking up of wastes from the different organs; and (9) the 
conveyance of these wastes by the blood to excretory organs 
which pass them out of the Liody. 

In subsequent chapters we shall have to consider in more 
detail Digestion, Circulation, Absorption^ Rcs|)iration, and 
Excretion, The sum total of the actions of all the organs 
concerned in the nourishment of the body is known as the 
function of nulrition. As will be explained later, some of the 
food fulfils other purposes tlian the formation of energy yield- 
ing tnatenaL 
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FOODS. 

Fooda as Tianw Fozmen. — In the last chapter we have 
considered foods merely as sources of energy, but they are 
also required to build up the substance of the body. From 
birth to manhood we increase in bulk and weight not merely 
by accumulating water and such substances, but by forming 
more bone, more muscle, more brain, and so on, from the 
things which we eat. Even after liill growth, when the body 
ceases to gain wdght, there are probably some constructive 
processes going on as the tissues are broken down and recon- 
structed. 

Foods are dierefbre needed not only to supply the body 
with work-power by their oxidation, but to supply material 
from whidi tissue can be reconstructed. 

What Fooda unit Contain. — Most foods serve both for 
energy supply'!' and tissue formation ; they are probably built 
up by the living cells into new forms before they are oxidized 

• Wliether any iboil is eier oxidized in the body before boms Imilt up 
into 1 tissue, na coal is bunit in an engine without ever Icirmin); part of 
the engine, must still be regarded as an open question in physiology. 
The old doctrine that some fiatds, as tl:irch and sugnr, were useful onlj 
to e«t free lieat, and others, as albumen and Iksh, alone built tissue, must 
be given up. It seems certain that under some condiliuns sujiar and 
Btarch may bo usod in building tissue, though they cannot do it alone; 
but whethiLT thrv .III' u^i ii r any circumstances erer burnt liefbie making 
psTlofa lis-iLi.' nut L\:'.Li:i. On tlie oilier hand, there is reason to 
suspect thill .illiimiiiiuu- ■ uli..(.inces may be oddized in the body without 
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to set the energy free. The living tissues when analysed are 
found to consist mainly of carbon, hydrogen, nitrogen, and 
oxygen, and we niigiit at fiibt suppose that these chemical ele- 
ments in tiieir uucombined form would serve to nourish us. 
Experience, hon ever, tL'achcs that this is not the case. Four 
fifths of the air is nitrogen, l)ut we cannot fci^d on it ; hydro- 
gen gas is of no use as a food ; and a lump of charcoal (car- 
bon) might fill the stomach, but would not keep a man from 
starving. Oxygen can be utilized when talten by the lungs 
from the air; but all other elements to he of use as food must 
be taken, not in their separate state, but in the form of com- 
plex cohi])ounds, in which they are chemically combined with 
other things ; as, for example, in starch, sugar, &t, oil, and 
albuminous substances. 

The Special Importance of AlhuminouB or Proteid 

Foods. — All the active tissniN of !iie body arc found to \ irk! 
on chemical analysis large ijUiintilies of proteids. {See \i, 15.) 
So far as we know at |>resent tiie human body (like that of 
most animals) is unable to make proteids out of olher things. 
Given one variety of them it can turn it into other varieties, 
but it cannot make proteids from things which are not pro- 
teids. tience tliese albuminous or proteid substances are an 
essential article of diet. 

The Limited Constrnctive Power of the Animal Body. — 
From what has been said above, it is clear that our bodies 
are, on the whole, destructive rather than constructive in re- 
lation to the oulcr world. They rc^iuir.- for ihcir nutrition 
very complex chemical compounds {starch, sugar, pro- 
teids),* build these up into living tissues, or oxidizable forms, 

• Slai^ C,H„Ot 

Sugar .V C,Hi^, 

Fat (variable) Ct,H„.0, 

ProUid (variable) C„H,„N./)iiS 



90 THE HUMAN BODY. 

then oxidize them and return the carbon, hydrogen, and 
nitrogen lo the outer world in much simpler chemical com- 
pounds (carbon dioxide, water, and urea). None of these 
latter substances is capable of nourishing an animal ; it cannot 
use them to build up its tissues or set energy free. 

How Plants Supply Food for Auimah. and Auimali 
Food for PUntB. — Since animals cannot utilize the simple sub- 
stances furnished by nature as food, but must consume com- 
plex substances, as ptoteids, fat, and sugar, the question nat- 
urally suggests Itself, How is it that the supply of these is 
kept up? For example, the supply of proteids, which can- 
not be made artificially by any process known to us. The 
answer is, that animals Itve on the things which plants make, 
and plants live on the carbon dioxide, water, and ammonia 
(urea) which animals excrete. 

As regards out own bodies the question might, indeed, be 
apparently answered by saying that we get our jiroteids Irom 
the flesh of the other animals which we eat. But then we 
have to account for the possession of proteids bv those ani- 
mals, since they cannot make them from urea, carbon di- 
oxide, and water any more than we can. 1 he anim.ilsi whose 
flesh IS used by us as food get their prolcitls trom plants, 
which are the great proteid formers of the world. I he most 
carnivorous animal really depends for its essentia! food upon 
the vegetable kingdom; the lox that devours a hare lives 
on the proteids of the plants which the hare had previously 
eaten and built into his own tissues. 

Non-oxidizable FoodB. — Hesuies our oxidi^able foods a 
large number or necessary tood inaicrials are mil oxidizable, 
or at least are not oxidi/tjd in the body. Typical instances 
are afforded by waiter and roininon salt. 1 he use of mcse is 
in great part physical ; iht water, for instance, dissolves ma- 
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teriab in the alimentaty cand, and carries the solutions 
through its walls into the blood and lymph vcGsels, so that 
they can be conveyed from phce to p1ai:e ; and it pennits 
interchanges by enabling the things it has dissolved to soak 
through the walls of the vessels, llie valines also influence 
the Bolabili^ and chemical interchanges of other things 
present with them. F^mogen, one of the |>rotei(Is which is 
carried in the blood all over thu 1>ody lo supply albuminous 
material to the tissues, is, for example, insoluble in pure 
water, but dissolves leadily if a small quantity of common 
salt is present. Beside such uses, the non-oxidizable foods 
have probably other functions: for example, the lime sallS 
give their hardness to the bones and teeth. The body is a 
self-building and H:lf- repairing madiine, and the material for 
this building and repair, as well as the fuel or oxidizable 
foods which yield the energy the machine exp^ds, must be 
supplied in the food. While experience shows us that even 
for machinery construction oxidizable matters arc largely 
needed, it is nevertheless a gain to re]jlaee sii< h substances 
by non-okidizable material when possible ; just as, if prac- 
ticable, it would be advantageous to construct an engine out 
of a substance which would not rust, although other condi- 
tions determine the selection of iron for building the greater 
port of it 

Geneial oniideiatioiia. — Foods to replace matters which 
have been oxidized mtist be themselves oxidizable ; they 
are force geaeralors, but may be and generally are also 
tissue formers. They are nearly always complex organic sub- 
stances derived from other animals or from plants. Poods 
to replace matters not oxidized in the body, as water and 
salt, are fio'ce regulators, and are for the most jwrt fairly 
simple inorganic compounds. Among the force regulators 
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we must, honever, include certain foods, which, although 
acidized in the body and serving as sources of energy, yet 
produce effects greatly out of proportion to the amount of 
energy nhich they thus set free. Their influence as siiniu- 
lants in exciting certain tissues to activity, or as agenLs check- 
ing the activity of parts, is iiiorc marked than their direct 
action as force generators, and ihcy may be classed as accet- 
soiy foods. As examples we may take condimenls: mustard 
and pepper are not of much use as sources of energy, 
alAough they no doubt yield some when oxidized ; we take 
them for their stimulating effect on the mouth and other 
parts of the alimentary canal, by which they promote a 
greater flow of the digestive secretions or an increased appe- 
tite for food. Tkein, again, the active principle of tea and 
coflee, is t^cen for its stimulating effect on the nervous sys- 
tem rather than for the amount of energy wliich is yielded 
by its own oxidation. 

To the above consideration of foods should be added the 
condition that neilher llie lulnlance iUelf nor any of /he 
products of Us chemical IrmsformalioH m the body thall be 
it^urieus to the structure or action of any organ ; otherwise ii 
is a poison, not a food,* 

Alimentary Piinaiples. — ^The substances which we call 
foods are usually mixtures of several foodstuffs with sub- 
stances which are not foods at all. Bread, for example, con- 
tains water,' salts, gluten (a proteid), some fats, much starch, 
and a little- sugar ; all these are true foodstuffs, but mixedi 
with them is a quantity of cellulose (the chief chemical con- 
stituent the walls which surround vegetable cells), which 

• This, of COune, is true only when the substances are taken in llie 
ordinary modente or physiological amuunts. Many subsiances become 
harmful or poisonous if taken in excess, e-g. oxygen, salt, meat, etc. 
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is not a Tood, since it is incapable of digestion and absoiption 
from the alimentary canal. Chemical enunination of all the 
common articles of diet shows that the actual number of im- 
poitant /oodslttffs is small ; they are repeated in various pro- 
portions in the different foods we eat, mixed with small 
quantities of different flavoring substances, and so give us a 
pleasing variety in our meals ; but the essential substances 
are much the same in the fare of the artisan and in the "deli- 
cacies of the season." The chief fbodstul!^, which are found 
lepeated in many different foods,' are known as "alimentary 
principles, ' ' and the nutritive value of any article of diet de- 
pends on the amount of these foodstuBs present, far more 
than on the various agreeable flavoring matters wliii h c au.si; 
certain things to be sought after and to have a high 
market value. Alimentary principles may be conveniently 
clasafied into prcdeids, fats, cariwhydrates, and inorganic 
bodies. 

Proteid Alimentary Priitoiples. — Of the nitrogenous food- 
stuffs ilic must important are proteids : they form an essential 
part of 'all diets, and are obtained both from animals and 
plants. The most common and abundant are myo^n and 
syntonin, found in the lean of all meals, egg albumin, casein 
of milk and cheese, gluten and vegetable casein iiom various 
plants. 

Beside these proteid substances, all of which are apparently 
able to act as tissue builders, there is a class of nitrogenous 
substances which do not possess this power though they are 
oxidized in the body to yield eneigy. This class is repre- 
sented by gelatin, derived from connedjve tissue and bones, 
and by chondrin, from cartilage. As force producers they 
have considerable value, but are not nearly as important food 
for invalids as was at one lime supposed. 
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Neoeulty of Proteid Food. — Expcrimtnts have shown that 
the excretion of nitrogen (chiefly as urea) in a well-fed 
animal is equal to the amount of nitrogen taken in with the 
food.* This balance of income and expenditure is called 
nitrogenous equilibrium. If the nitiogeii of the food is reduced 
below a certain amount, more nitrogen is excreted than is 
replaced by the food. This excess of expenditure comes from 
the fleshy tissues of the animal, which are thus wasted away. 
All animab thus become flesh-eating (catnivoious) when 
starving. ' ' 

Fati and Oili. — The most important of these are stearin, 
palmatin, margarin, and olein, which eTUSt in various pro- 
portions in animal fats and vegetable oils, and butter, which 
contains a peculiar fat known as butyrin. All fats are com- 
pounds of glycerin with fatty acids, and, spealdng generally, 
are usefiil as food if fti»blc at the temperature of the body. 
The stearin of beef and mutton fats is not by itself fusible at 
the body temperature, but as eaten it is mixed with so much 
olein as to be melted in the alimentary canal. 

Artificial buttets, such as margarin, oleomargarin, butter- 
ine, and cocoa butter, are made of the more easily melted 
- animal or vegetable fats flavored to resemble butter by .being 
churned in butter milk. They are easily digested and pos- 
sess practically the same nutritive value as butter. 

Fats and oils are rich in carbon and hydrogen, but contain 
little oxygen. Hence their oxidation liberates much energy. 

C„H'"0, + 145O = 51CO, + 4911,0. 
Carbohydrates,— These are mainly of vegetable origin. 
The most important :ire starch (fo\ind in nearly all vegetable 

• While ananimal is nro»i"t:- ll"- ^trftmn cif niUugen Is allghlly lesa 
than the incmne owing tu its aluragi: in the eruwiii^; flesh. 
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foods), i/ex/riri, gums, grape sugar (found in most fruits), and 
cane sugar. Sugar of milk and glycugen (animal starch from 
the liver) are alimentary principles of this group derived 
from animals. All carbohydrates, like the fats, consist of 
carbon, hydrogen, and o>:ygen, but the percentage of oxygen 
in them is much hijilur IIimi \\.\ fats. In fact oxygen is 
present in just the right projioitlon to satisfy all the hydro- 
gen ; hence only carbon remains to l)e oxidized. They 
ha\ e therefore less power of combining with additional oxy- 
gen than fats and so are not capable-of yielding as much 
energy to the body. 

Sngv, Oxygen. CaHiDn dkuIdB. Vatv* 

C,H„0. + "0 = 6C0, + 6H,0. 

Fuel Valaei of Food Principles. — The heat produced by 
the combustion of weighed quantities of food materials has 
been determined by numerous experimenters, and the average 
of the results is expressed in the following table ; 

X gram of proteid (dry) 4.1 6.3 

I " "carbohydrates (dry).. 4.1 6.3 
Experiments have further shown that the energy produced 
in the body (heat, muscular work, etc.) by the oxidation of 
the food substances is practically equivalent to that obtained 

by combustion.* 

* Thi: he:it unil! used hy physiologists represent the nmount of heat 
necessary Id ri.iie the respective iimounls of walerune degree CciitiKrade. 
I. kilo water 1° C. = Calarii = I.o pound w.iler 4' F. 
I. gram " i" C. = calorie = O.Oor " " 4° F. 
O.00t gram " l' C. = mitrii-ealerie = 0.000001 " " 4' F. 
One Calorie is equivalent In mechanical energy la 1.53 fbot-tons. 
One calori? " " *t <! " " 0.OO1J3 " 
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Inorganic Foods. — 'I'ht most important of thesu are water, 
common salt, and Ihe thloridis, the phosphates and the sul- 
phates of ]iotassium, magnesium, and calcium. A sufficient 
quantity of most of these substances, or of the material for 
their formation, exists in all ordinary articles of diet, so that 
we do not lake ihcni in a separate form. Water and table 
salt form exceptions to the rule that inorganic bodies are 
eaten imperceptibly along with other things, since the body 
requires more of each daily than is usually sup]>Ued in tliat 
way. It has been maintained that salt as a separate article of 
diet ia an unnecessary luxury, and there seems to he some evi- 
dence that certain savage tnbes live without more than they 
get in the meat and vegetables which they eat. &uch tribes 
are, however, said to suffer from intestinal parasites : and 
there is no doubt that to manv animals as well as most men 
the absence of silt from their iiiei is a teriiiiie iK'iirivaiion. 
Htlffaloes and other crcaturL's are neii muuvn iti iiavui nines 
to reach " salllieks "; of two seis of oxen, one aiiowed free 
access to salt, and the other given none save what e.xisied in 
its ordinary food, it was foiuiii aiiei a lew weiihs uiai iiiose 
given salt were in much better i.'ondiiion. in man iiic iii::>in! 
for salt is so great that in regions wiierc it is scarce it is iisca 
as money. In some parts of Africa a siiiaii iiuauutv oi salt 
will buy a slave, and to say ihai a man coiiiinoniv uses sair at 
his meals is cijuivalent to staiiiu? uiai ii<' is .'t iiuiiii>n:iii'i.'. in 
British India, where the poorer iKitives rcL'ara so lew thinirs 

large [lart of the revenue is iienvcn iroui a lax on !.;ui. »iui:n 
even the poorest will buy. In the Austrian Lmpire it has 
been found that youths who have fled to the mountains and 
there led a wild life to avoid military conscnption. will come 
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doivn to the yillages to purchase salt, at the risk of libertf 
and even oflife. 

The Nutritive Value of Different Fooda.— Al! mea/s, 
whether dori\ cd from beast, bird, or fish, are highly valuable 
foods. They contain abundant albumen, niori; or less fgf, 
and when cooked, their connective tissue is in great [xirt cnade 
soluble by being turned into gelatine, fori is the least easily 
digested form of fresh meat, since it contains a larger per- 
centage of M than most. This fat, which, by its oxidation 
liberates much heat, makes it a good food in cold weather for 
persons with a good digestion. Pigs are, however, esiieci.tlly 
liable to a dangerous parasite, called trichina, which lives ii) 
their muscles, and may be transferred to man if the pork is 
not thoroughly cooked. Sailed meals of all kinds are less 
digestible and less nutritioias than fresh. Milk contains an 
albuminous substance (casein), also fats (butter), and sugar, 
known as sugar of milk, in addition to useful mineral salts. 
It' will support life longer than any other single food. Cheese 
consists essentially of the casein of milk, and is a very nutri- 
tive albuminous food. £ggs contain albumens and fats of 
high nutritive value, but they are not easilj^ digested when 
cooked loo long. Wheal contains more than a tenth of its 
weight of proteids, more than half its weight of starch, some 
sugar, anil a little lat. The proleid of w heat (lour is mainly 
ghiicn, which when moistened with water forms a tenacious 
mass, and gives to wheat bread its superioriiy. When the 
dough is made, yeast is added to it and causes fermentation 
by which some of the starch is changed into sugar, then 
into alcohol and carbon dioxide If the fermentation is 
allowed to go too far, the alcohol is changed into acetic 
and other adds, and sour bread results. The carbon dioxide 



Digilized by Google 



rWE humau body. 



im|)risoned in ihe U'nacious dough and expanded by heat 

dining lj;]ki[i|;, forms caviiii'^ in i1, ami causes the dough to 
■■rise:" and make ■' li-ht ■,re.-d," u'liicli i., not only jilcas- 
antcr to <^3.l but r.'.ort casdy dii;cs:cd than hoa'. y. Some 

than whtat; when liTtad is made from them the carbon 
dioxide gas escapes so readily from the less tenacious dough 
that it does not expand the mass properly. Com contains 
less proteid, more starch, and more fat than wheat and is 
very nutritious. Jiicc is poor in proteids, but very rich in 
starch. Peas and iociTis arc rich in proteids and contain about 
half their weight of starch. Polaloes contain a great deal of 
water and only about two parts of proteids and twenty of 
starch in a hundred parts liv weight, hut are neh m useful 
salts. Other fresh vcgcliiblcs, as carrots, turnips, and cabbages, 
as well as frmts, are valuable mainly lor the salts they con- 
tain ; their weight is chiefly due to i\atcr. and they contam 
hut little starch, proteids, or fats. Some kind ol fresh vege- 
table is, however, a neces.saiv article ol diet, as shown by 
the scurvy * which used to prevail among sailors belore Iresh 
vegetables or lime-jtuce were supplied to them. 

Alcohol as a Food. — Evidence goes to show that alcohol 
in moderate doses is oxidiwd in the body and yields energy, 
but cannot build up or restore exhausted tissue. In ceitain 
disease's the fact that it requires no digestion and is rajudly 
absorbed gives it considerable value. The amount of alcohol 
which can be taken for food, however, is so sliijht because of 
its marked stimulating eHect that uiuler normal conditions it 
is practically valueless for lood purposes. Its Irequcnt use 

• Kciin.)- 15 clisrri etc rued bv fwdliiiK and bleeding of the gums, 
lonFeiuni! ol the leelli, si.d cru^il wtiikness ending in death. It was 
especially frequent amon^ wtialeta. 
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may iindoul>t.eilly lunl Ui :i '^motii, diminution of vitality, 
Icssencil rcsi,sl;iiKu to di.soasL', diniiuishoil ciiiliiraiicc of Tatigne, 
hcnt, and cold, and to i)atliolr)gic;al conditions of the vital 
organs, siidi as an overgroivlh of toniicctivi; lissnc and fat. 
The con:iiimi)tion of alcohol has m fn;qui;nlly led to wasted 
opiiortunities, sulTering, and even crinie that it is the part of 
wisdom to avoid its tise. 

Tea and Coffee are to be regarded as stinmlants rather than 
foods. Tlie amount of nourishment in a run ofeitlier is Imt 
little. Both have, however, some indLieme in reinovin,^ the 
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%aiax. Starch' is the chief nutrient matter in most of them, 
and raw Starch is much less easily digested than coolced 
since it is enclosed in a thick cell wall of indigestible cellulose 
which is broken down 'by cooking. When starch is heated . 
it is turned into a substance known as tohible siarch, which is 
easily dissolved by the digestive liquids; there is therefore a 
scientific foundation for the common belief that the crust of 



ViOt TrlTi of A imir poiaio, with narcb gnUni Tn nainnl cotuSrioa, 

a loaf is more digestible than the inside, and toast than fresh 
bread. 

The Oxidisahle Hatters Required Daily by the Body.^ 
The amount of food required daily depends upon the quantity 
of material used up by the body in each twenty-four hours ; 
this varies both in kind and amount with the work done 
and the organs most used. In children a certain excess is 
required to furnish material for growth. It is impossible to 
state accurately beforehand just what any individual will 
require, but a general idea may be arrived at by taking 
the average daily losses, by excretion, as 'determined by many 
experiments made on different ])ersons. Such experiments 
show that a man of average si^e and doing ordinary work 
needs rather more than 274 grams (9^ ounces) of carbon to 
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replace his loss of that element, and about 30 grams of nitro- 
gen (,'„ of an ounce). Some hydrogL'n m ako rcH|uired, 
as ihe body daily ciircti:.'; more ivatt^r \\v.i\\ it rt-ceives 
through food and drink ; this extra anionnt implies u ioss of 
hydrogen, which has combined with oxygen in the liody to 

The Advantages of a Mixed Diet. — Since protL-id foods 
contain carbon, nitrogen, and hydrogen, life may be main- 
tained on t!icm if the iicce^^sary sails, water, and oxygen be 
also snj)|ilicd; but mil h a diet would not be economical. 
Ordinary protcids coiilaiii in 100 parts about 52 of carbon 
and 15 of nitrogen, so a man fed on them alone would 
get about 3J parts of carbon for every i of nitrogen. His 
daily losses are not in this ratio, but about 1 5 parts of carbon 
to r of nitrogen : therefore to get enough carbon from pro- 
leids far more than the necessary amount of nitrogen must be 
taken. Of dry proteids 527 grams (1 pound zi ounces) 
would yield the necessary carbon, but would louiain 79 
grams (2J ounces) of nitrogen, or fo\:r times, more than 
is neccs.siiry to cover the daily ki.vscs oftli.it uli'menl from the 
IhhIv. Fed on a purf^ly |ir(Hi-iil \\\:m would, therefore, 

have tn digest a v.isi (|iiaiiiii) t<i (.lioiii:!! carbon, and in 
eating and abijorliiiig it, uluI 111 i:eiii[ii; iid of the excess 
nitrogen, a great deal uf uiinet e^^.l^y jui.ti: would \k lliriist 
upon [he digeslive and evere^un' organs. "\\'('re a nian to 
live on bread alone, lie would jXo force much unnecessary 
work on his organs. Bn .iil u>iit:iiiis little nitrogen in pro- 
portion to its erirboii, and ti> enough nitrogen far more 
carbon than could bi: iitili/ed would have to be eaten and 
digesle<! daily. 

Tlie human race has discovered this fact : men use, where 
they have a choice, richly protcid substances to supply the 
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nitrogen needed, but derive the carlKin mainly from non- 
nitrogenous foods of the fatty carbohydrale kinds, ant! so 
avoid excess of either nitrogen or carbon. I'or iiisiiince, lean 
beef contains about 25 per cent of dry |>roieid, atid this in 
turn contains 15 per cent of nitrogen. Conse<|iienlly 542 
grains (i pound 3 ounces) of lean meat would supjily tlie , 
niirogen ni;cdcd to compensate for a day's losses. Unt ihc 
proteid contains 52 )H;r cent of i:.irboii, so ihe amounl of 
carbon in the above weight of falicss nieai would he 6y grams 
(or nearly 2J. ounces), leaving 205 jjrams (or rather more 
than 7 ounces) to be got cither from fats or carbohj'ti rates. 
The necessary amount is contained in 256 grams (or about 9 
ounces) of ordinary fats, or in 460 grams (a little over ;i 
pound) of starch ; hence either of these wiih the above quan- 
tity of lean meat would form a far better diet both for the 
system and the purse than meat alone. 

As already pointed out, nearly all common foods contain 
several foodsluffs. Good butcher's meat, for cxanii>le, con- 
tains nearly half its dry weight of fat, and bread in addition 
to proteids contains starch, fats, and sugar. In neither of 
them, however, are the foodstuffs mixed in the physiologi- 
cally best proportions, and the custom of consuming seveial 
of them at each meal, or different ones at different meals dur- 
ing the day, is not only agreeable tu iho ]flhiie but in ^ high 
degree advantageous to the body. 'I'he sirii t \rL:i>tui i:iiis wIkj 
do not eat even such substantes as e^^s, 1 lui^c. mv\ milk, 
but confine themselves to a purely vr.i;'.uil lf diel. " liit li is 
always poor in proteids, take daily far mmi: 1 .ulum ilun ihey 
retpiirc, and are to lie rongi.TLiilaled o;i tin ir r\i ulli m dige.s- 
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In the sludy of Ihe diftaries it has been lound t[i:Lt tlie es- 
sential points to be observed are the total amount of nitroge- 
nous material (proteid) and the total fuel value of all the 
elements. It has been found that fhe fats and starches are 
largely interchangeable in the ordinary dietaries, hence their 
proportions are of less importance. 

Relation of Diet to Work. — It must be reiiii.'mbercil iliat 
energy is given off in the form of heat, and is used uji in the 
body by the heart (as explained later), and by tissue a<:ti\"ity. 
The t\ler[ial work aecoiujihshcd by a man under different 
coiidilioiis is shown in the following table, together with the 
heat eqiiivalentii for this work. The amount of work accom- 
plished is most readily expressed iii foot-tons.* 

ESTIHATKS OF UBCHAKICAL WORK DONE BV A MAN IV A DAY. 

FooMoiu. KUoirainireliu. Caloila ot Kisal. 

tjght work, frmn 150 to zoo or 46,600 lo 6j,I0O or 109 to 147 
Average " " 300 " 350 " 93,300 " ioS,8oo ■' 119 " 358 
Hard " " 450 " 500 " 139,900 " ISS1SO0 " 3:9 " 366 
Laborkms " " 500 " 6do " 155,500 " 186,000 " 366 " 437 



* Each fiut-ton represents Ihe eflbit aeceaaxy to raise the equiva 
of one km to a height of one foot This is equivalent lo raising 
poond to a height of two Ihonsand feet. A kilogrammctrc ineaEureB 
«nbrt necessaiy to ralie one kilogTaro (3| lbs.) to a be^;bt of one m 



Digilized by Google 



1 1 

ii 




■a 
K 




Sir 








4 




V 




=1 




4 


i i'- -f di 


iiir 










ii. 


iiii. 


m 



RELATION OF DIET TO IVORK. 



In comparing these figures with the number of heat units in 
AtwaCer s standard diet it will be noticed that only about 

onc-tcmli of the ciiergy value of tlie food is utilized for ex- 
letnal wiirk ; the rcmiiming ninc-tenlhs are used up in doing 
the internal ivork ol the body and in niakLng good the heat 
losses. It has been estimated that in muscular work only 
one-third of the energy of the food is converted into mechan- 
ical work by the muscle, the remaining two-thirds being dis- 
sipated as heat. 
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THE DIGESTIVE ORGANS. 

General Arrangement of the Alimentary Canal.— The 

nhmi^ntnrv canal is a tube ivhich runs through the body .ram 
the lip!^ to the posterior end ol the tnink. It is imcd by a 
soft reddish mucniis membrane ( easily seen inside the mouth), 
which is but a redder and moisler sort of skin. Outsidt the 
nmeoiis membrane are connective tissue and muscular layers, 
which strengthen the digestive tulie and push the swallowed 
food along It. I he mucous membrane is constructed to ab- 
sorb dissolved nutritive Kubstanc:cs ; it soaks them up and 
pa.sses lliem into blood or lymph vessels. Imbedded in this 
mucous membrane, or lying outside it, are hoHoiv organs 
called glamis ; these glands make liiiiiids ivlin.h (:hani;e food 
substances chemically so thai they mav be .ibsorbed by tlie 
mucous membrane. Ihe whole series of changes which any 
food material undergoes, between its reception by the mouth 
and its absorption by the ahmeatary mucous membrane, is 
spoken of as its iligeslnm. 

Various foodstuffs undergo different kinds of chani^es pre- 
liminary to absorjjtion, and so we speak of difterent kinds of 
digestions; as that of starch, of fats, of albuminous bo<lies, 
and so forth. 

Glands are, ordinarily, hollow organs which nuike or secrete 
peculiar fluids and jtour theiti out on some free surface of the 
l<7« 



THE KINDS OF GLANDS. 



boiiy. They are very widely distributed ; we find, for exam- 
ple, digestive glands of several kinds ojicning into the di- 
gestive tube, peispimtory glands ojiening on the skin, tear or 
licIiTyvml ghnds pouring out their scc^retion on the eyeball. 
DitTcrcnt glands have their i-avilies lined by different kinds 
of cells, and jiroduce difierent secretions. lu general all 
glands are built on one or the other of two primary structural 
plans, known as the tubular and the racemose (l-'ig. 45). 

The Kinds of GlaadB. — .Ml portions of ihe body making 
and pourinj; forth secrelionsare not tethnienlly called glands. 
In the peritoneum, which forms the inside lining of the ab- 
dominal cavity (p. 8), ive find simjily a thin membrane {A, 
Fig. 45), having 011 the side ne\t the cavity which il sur- 
rounds a layer of cells (a) and on its deeper side a network 
of vcrv fme blood vessels (c \ suniiorted bv connertive tissue 
{d). This arrangement is also found in the pleura;, the pericar- 



wnen snut ini o< cin)ies nuc.n less siuice man wneri cxieiiueu. 
although the actual area 01 me paper in 11 remains ihe same. 
In a few cases the folding takes the form of protrusions into 
the cavity of the secreting organ (C, Fig. 45), but much 
more commonly the surface extension is attained by pitting or 
depres.sing the supporting or batemeni membrane, covered by 
its epithelium {B). Such a secreting organ is known as a 
true gland. 



FORMS OF GLANDS. 



Pormi of Olandi. — In some cases the surface involutions 
are unifonn in diameter, or nearly so (S, Fig. 45), and are 
known as lubular; examples are found in the lining coat of 
thi! stomach (Fig. 57), also in the skin (Fig. 109) where 
they fonn the suieai-giandt. In other cases the involution 
swelb out at its deeper end and becomes more or less saccu-' 
lated such glands are lumcd racemose or acutout. The 
Esoall glands of the skin which form the oily matter for the 
hairs (p. asf) are of this type. In both kinds the lining 
cells near the deeper end are conunonly different in character 
from the rest, and around that part of the gland the finest and 
thinnest walled blood-vessels {cafnIlaHes) form a closer net- 
work. These deeper cells form the true secreting tissue of 
the gland, while the tube, lined with different cells, which 
leads from the secreting.recesses to the surface on which the - 
secretion is poured out, serves merely to drain it off and is 
known as the duct of the gland. When the duct is undivided 
the gland is tintfile; but when, as is more usual, it is branched 
and each branch has a true secreting chamber at its end the 
gland is compotmd, tubular (G), or racemose (F, as the 
case may be. In many cases the chief duct, in which the 
smaller du(^ unite, is of considerable length, so that the se- 
cretion is poured out at some distance from the main mass of 
the gland. 

A fully formed gland, ff, is thus a complex structure, con- 
sisting primarily of a duct (c) ductules (<3^ and secreting re- 
cesses {ee). The ducts and ductules are lined with protective 
cells which differ in character from the secreting cells lining 
the deepest parts. The cells lining the ultimate recesses dif- 
fer in different glands, and produce different liquids ; conse- 
quently, though all glands are built on much the same plan, 
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they make very varied secretions, according to the properties 
of their cells, 

Tlio Complexity of the Alimentary Canal.— We may now 
return to our immediate subject, the alimentary canal. This 
is not a simple tiibi;, but 
presents several dilatations in 

paratively straight tube, as 
diag[amm:itically represented 
in Fig. 1, but, being mndi 
longer than the body, much 
of it is |>ackcdaway by being 
coiled np in the abdominal 

Subdivisions of the Ali- 
mentary Canal. — i'be month 
opening leads into a ehainber 
containing the teeth and 
tongue, named the miiiiti 




led by a 



: 1 fiv:tlifl«pkea^dbor 



comparatively narruiv 
passing through the ^ 
the abdominal cavity 



Thi^ 

sepa 

at 

the baek of the monlh, from 
another cavity, the /i/itirjii.v 
or //iron/ clunnher, n-hii h nar- 
rows again at the to]> of the 



) the i 



'dk! 0 



latter 



Inlie thr(jui;li llie thorax, and then, 
aphragin, dilates in llie np|,er part of 
0 fomi the slvmach (see Fig. i). Be- 
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[he firsi or tntlk st 
unng cniidnood. " 



CHARACTERS JND STRUCTURE OF TESTH. It^ 

Characters of Individual Teeth. — The incisors or cuUmg 
teeth (Fig. 48) are adapted for cutting the fcwd. Their 
crowns are chisel-shaped and have sharp horiKonEal cutting 
edges which become worn away by use, so that they are 
bevelled ofT at the back in the upper row and at the front in 
the low^. Each has a singte long iang. The amines (dog 
teeth) (Fig. 49) are somewhat larger than the incisors. 
Their crowns are thick and somewhat conical, having a cen- 
tral point or cusp on the cutting edge. In dogs and cats the 
canines are very long and pointed, and adapted Tor seizing 
and holding prey. The bicuspids or premolars {Fig. 50) are 



rather shorter than the canines and their crowns are cuboldal. 
Each has two cusps, an outer and an inner. The molar teeth 
or grinders (Fig. 51) have laige crowns with broad surfiices, 
and iam or five projecting tnbercles which roughen them 
and make them better adapted to uush the food. Each has 
usually several fiuigs. The mUhleelk differ only in minor 
points from those of the same names in the permanent set. 

The Stniotnre of a Tootlt. — ^If a tooth is broken open a 
cavity extending through both crown and fang will be found 
in it. Tills is filled during life with a soft pulp, containing 
blood-vessels and nerves and known as the "pulp cavi^." 





' tide; tlic inner cugp 1b lucor^DEly, 
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The hard parts of the tooth disposed around the pulp cavity- 
consist of three different tis'^iies. 01 these, one, dentine or 
ivofy, immediately surrounds the cavity and niakes up most 




(,f the bulk of lliL' luuili : ■ L-nn.,Mliu (ieii;ine on the crown 
cnamd. tliu hardehl lis,iie iii iho builv/:: iind on thi: fang 

the cement, which is a thin lavi^r ol bone. 

The pulp cavitv opens bciow bv a iiarroiv a|)ertnre at the 

tip of the fang, or at tlie \\\\ ol e^u li lani; il the liioth has 

more than one. Ihrough these opeiiini;s iis blood- vessels 

Hygiene of the Teeth. — The teelh ilioukl be thoroughly 
cleansed night and mornin),', bv means ol a tooth-brush 
dipped in tepid water. I )ni e a da\ soaji shouli! be used, or n 

• EmnH^l will slril..: firf wilh fliiiL 
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THE TONGUE. 



little very finely powdered i:hall; sprinlilwi on the lirii^li. The 
weak alkiili of the soa]! or ( balk is iisefiil. A l:irgi' piojioriioii 
of a tooth consists of carhonatt and phosphaLe of uiili iiun, 
which readily dissolve in weak acids ; decom|josing food par- 
ticles lodged between the teeth develop acids, which eat 
away the tooth slowly but surely. Hence all food particles 
shoi:ld be carefully removed fnim between the teeth ; as this 
cannot always be effected completely it is iin])orlanl to brush 
the teeth with alkaline siibslaiii es whii h will neutralize and 
render harmless any arid.* (lood manners forbid the public 
use of a tooth-pick, but on ihe earliest privacy after a ineal a 
wooden or quill tooth-pit k, or better dental silk, should be 
employed systematic ally and carefully lo dislodge all food 
remnants which may have remained wedged between the 
teeth. 

Once a slight cavity has been formed, the process of decay 
is apt to go on very fist ; first, because the exposed deeper 
layer of the tooth is more easily dissolved than its natural sur- 
face, and second, because the little pit forms a lodging-place 
for bits of food, which, in decomposini; through the uclion of 

therefore, be thoroughly e.\amiued t" u ur itiri.-e liiue^, a year 
by a dentist. 

The Tongue (Fig 53) is a niusoilar and highly movable 
organ, covered bv mucous membrane and endowed not only 

with a delii ate sense of touch liut with the sense of ta.ste. 
iLs root is attached to the hyoid bone ([>. 20}. The niucou.s 
membrane covering the upper surface of the tongue is tough- 

* Aclit jiii'i'.iiiiii-. jli'iiil.l il'w.' V. '-r- .iLi-Lcil iliroHgh a ((lass lube and 
swjll.iK.-.l " itli I. .11:. LI [ i»,"iii]<- ivitli ijic- tettli. Afiercach 

lluse llie iiii>ulli ^,lioulJ Ix; lliijri.U|,:lily v\i\->\\ with wuter. 
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H'H^T A "FURRED TONGUE- INDICATES. iI^ 



wards the lips. The fungiform papillm are rounded masses 
attached by narrower stems. They are found all over the 
middle and fore part of the upper surface of the tongue, and 
diirini; life are readily recognized as red dols, more deeply 
colored because more rii hly supplied wilh blood than the rest 
of the mucous meiiibraiie. The HhYiirm tiihil!i£ arc ooinled 
elevations scattered all over the upper surface of the tongue, 
except near its root. On onr tongues, they are the smallest 

What a "Furred Tongue" Indicates,— In health the sur- 



taken as indicating Mmcthing wrong with the deeper parts of 
the digestive tract. 

The Salivary Glands. — I'he saliva, which is poured into 
the mouth and moistens it, is secreted by three pairs of 
glands, the parolU, the iubHngual, and the submaxillary. 

* The fillfbrm papillx are very large on the tongue of Ihe cat, whert 
they may leadlly be sMn and felt. They are large in neariy all car- 
onivnws animals, serving to. scrape ur lick clean bones, etc. Tamed 
tigers have been known to draw blood by licking Ihe hand of their 

f The Air of the tongue coniisis of some mucus, a few cells shed tana 
its SDif^ and numerous vegetable microscopic organisms belonging to 
the group of Badf-r'tt. 
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55. ) Thf i.,rot;(i !;l,iii(K Tf 1 lost; in front of thi^ rar ; 

inside Ihe check (j]>|iosile the sf-ctjiicl upper molar lootli. In 
the disease knoivn mumps* llie parotid Lfkiid^ are iniiamed 
and enlarged. The sublingual glands lie under the tongue 




Ijctween ^ halves of the loMtet ]awjfeo»e> Mid flieir^ ducts 
open in the.front ef theimmitli beneatb tfae t^gne. The sub- 

* ^cchmcsll}', fiaretiHs. 
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THE FAUCES— THE FH/IRYNX. 



maxillary glands lie buncath the floor of the mouth behind 

the sublingual near ihe ;ingle of ilii> jaw. 

The Fauces is (lie naniL- givni In thi' |iassa^'e whii;h can 
be seen at xW- h:v\ of llie iiioulh liMiliii- fro.ii it into the 
pharyns, bcloiv ilie soft pulatc.-i- U ii buiindcii above by the 
soft palate and the uvula, below by the root of the tonf;ue, 
and on the sides by musi les, covered by miicoiis membrane 
and reaching from the soft palate lo the tongue. The mus- 
cles cause folds known as the pii/ars uf Ihe fauca. Each fold 
divides near the tongue, and in the holhm* "between its divi- 
sions lies a lunsil (Kiji. 5,5), a soft rounded body about the 
sine of an almond containing numerous minute (jlunds which 

Enlarged Tonsils. — The tonsils sometimes become en- 
larged during a cold or sore throat. Occasionally the 
enlargement is permanent and ca\iscs much annoyance. 
The tonsils can, however, be readily removed without 
-danger, and this is the treatment usually adopted in such 

Ths Pliarynx or Throat Cavity (Fig. 46).— This portion 
of the alimentary canal may be described as a conical bag 
with Its broad end turned up toward the base of the skull and 
the other end narrowed into the gullet. Its front or ventral 
wail IS imoerjeec, iiresenrmg apertures which lead into the 
nose, the mouth, and [through the larynx and windpipe) ' 
into the luntrs. Exeei)t when food is being swallowed the 
^tivccn the mouth and pharynx; 
tiunni? ipivaiioivjiiL' i iifriiniiiiin) ii is raised into a horizontal 
position, and separaics tin; upper or msal portion of the 
pharynx from the rest. Through this upper part only air 
* Observe lor vourseu with tbe help of a looking glass. 
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passes,* entering it from the posterior emls of Ihc Iwo tios- 
tril chamliers. Through the lower ]iortion both food and 
air pass, one on iis way to the gullet {b, Fig. 46), the other 
through the larynx (i/) to the «in(ii>ii)e (c). When a morsel 
of food "goes the wrong way" it takes tlie latter course. 
Oneniuir into the unoer portion of the nhnrvny on eni~h side 



The (EsophaguB or Oallet is 
the lower termination of the phar 

The Stomach (tie. ki>\ is a 



neaih me aiapnragni; me guiiet [a] opens into its upper 
border, through me cardiac orifice at a. The narrower ngnt 
end IS contmuous with tne smaii intesune and commiuucaies 

■ Dunn? a severe attacK 01 tomiiing the soft paiaie often acb 
iinperieciir in closing tne uassaEe between euilet ana noBtnta : oence 
some 01 ine cieci™ maiier not unfrcqueniiy ib expeiied innmgh the nose, 

T The eenerai anan>mica.i arrangemeni of mc stomach, ana its con- 
nections with the guUet and intestine, may be readily shown on the body 
of a puppet kittcDi or lat which has been killed by placing it far five 
minutes in a small box containing also a sponge soaked with chlurabtun. 
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wifli it through the pyloric orifice (c). 'I'he pyloric cud of 
tbe stomach is separated from the diaphragm by the liver 
(see Ilg. 4). When moderately distended the stomach is 
about twelve inches long, four inches across at its widest 
part, and contains about three pints. 




lining the stomach is seen, with a magnifying glass, to be 
covered with shallow pits. A microscope shows on the bot- 
tom of each of these pits the openings of several minute tubes. 
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Ike gasti w glands, which lie imbedded in the mucous tnen> 
brane (Figs, S7 and 58) and secrete the gailfic jmct. 

The KuBoular Coat of 
the Stomtoli lies outside 
the mucous membrane, and 
is made up (£ig- 34 and 
Fig. 4811) of plain muscular 
tissue, whose fibres run in 
^my] different directions. By its 
contractions it stirs up the 
food and mixes it with the 
gastric juice. Aix)und the 
pyloric orifice of the stom- 
ach is a thick ting of mus- 
cle (the 0loric sphincter'), 
which usually by contract- 
ing closes tile passage be- 
tween the stomach, and 
^ the commencement of the 
ill intestine. During 
^ ^ digestion in the stomach 
•""•■■the pyloric sphincter re- 
laxes from ti:qe to titnc. 
and allows food, more or less digested, to pass on into the 
intestine. 

Falpitatioa of tlie Heart — ^The cardiac end of the stom- 
ach lies close below, and the heart immediately above, the 
diaphragm. Over-distensi<»i of the stomach by gas {fiaSu- 
lence), which is one of the symptoms accompanying indiges- 
tion, may press up the diaphragm and interfere with the 
proper working of the thoracic organs, causing feelings of 
oppression in the chest, or palpitation of the heart. 
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Tlie Small Intettina commences at the pylorus and ends, 
after many windings, in 
the large intestine. It is 
about twenty feet (six 
meters) long and about 
two inches (five centi- 
meters) wide at its gastric 
end, narrowing to about 
two tiiirds of that width at 
its lower portion. Exter- 
" nally there are no lines of 
subdivision on the small ' 
intestine, but anatomists 
arbitrarily describe it as 
consisring of three parts, 
of which the first ten or ' 
twelve inches is the t&e- 
denum,* the succeeding 
two lirths of the remainder 
the Jejuimm, and the rest 
the ileum. 

The SaaovB Coat of the ftc. '.i.~n\! 
Small InteBtine is pink, yn>"c^i:™i^°i 
soft, and extremely vas- Jjj,^^ J^* 
cular. Throughout a great " 
portion of the length of the tueb it is raised into permiinent 
folds in the form of crescentic ridges (Fig. 60). These folds 
(valvuia conmom/es) run transversely for a greater or less 
distance round the intestine. They are first found about two 
inches Irom the pylorus, and are most thickly set and largest 
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in the upper half of the jejunum. In the lower half tliey 
become gradually less conspicuous, and finally disappear 
altogether about the middle of the ileum. The folds of the 




mucous membrane ^crve irr&itlv to mcrease its siirtncc both 
for absorption and sci rctior.. ^ind al-^o to dclav the looil in its 
passage; it collects in ihc hollows l>i:tnccii them. :ind so is 
longer exposed to the action of the digestive liquids. 

The Villi. — Examined closelv with the eye or, better, 
with a hand lens, the mucous membrane ol the small intestine 
is seen to be shaggy and covered everywhere (both over the 
valvule coimiventes and between lliem) with closely packed 
minute elevations standing up somewhat like the " pile " on 
velvet and known a.s the villi (l^ig. fii ). In structure a villus 
is somewhat coinpli^x. lieneatl. .he covering of a single layer 
of cells the villus consists of a framework of connective 
tissue supporting the more essential constituents. Near the 
surface is a network of plain muscular tissue. In the centre 
is an offshoot of Che lymphatic or absorbent system, sometimes 
in the form of a single vessel with a closed dilated end, and 
sometimes as a network formed by two main vessels with 
cross-branches. During digestion these lymphatics are filled 
with a milky white liquid absorbed from the intestines, and 
are accordingly called the lacleah. They communicate with 
larger branches in the outer coats of th^ intestine, which 



f^lLLI, GLANDS, ETC.. OF SMALL INTESTINE. 
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of the alimentary canal, is about 5 fc'ct (1.5 meters) long, 
and varies in diameter from s\ to inches (6-4 centimeters). 
Ajiatomists describe it as consisting of the cacum (cc) with 
its vermiform (^fimdix, the colon (ac, tc, dc), and the rectum 




(r). The small intestine opens into the side of the large, 
some distance from its closed end; the ciecum is that part of 
the l&rge intestine which extends beyond the communication. 
From it pn^ects the vermiform appendix, a, narrow tube not 
thicker than a lead pencil, and about 4 inches (10 centl- 
meteis) long. It is a residual structure of considerable 
importance in some of the lower animals. Its contents are 
ordinarily the same as those of the czecum. It is therefore 
frequently the receptacle of grape seeds, etc., which appar- 
endy do no harm. It is BomeEimes the seat of an inflammation 
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(ajfettdiciiis) due to bacterial activity under favoriiijj con- 
ditions. The colon commences 011 the right side of the 
abdominal cavity where the small intestine communicates with 
the large, runs up for some distance on that side (ascending 
colon), then crosses the middle line {Iramverse colon) below 
the stomach, and turns down {descending coloii) on the leftside. 
In the lower left side of the abdomen it makes an S-shaped 




bend known as the sigmoid fiexure ; ftom this the reclum pro- 
ceeds to the opening by which the intestine communicates 
with the exterior. The raucous coat of the large intestine 
possesses no villi nor valvulieconniventes; it contiuns numer- 
ous closely set glands much like the crypts of LieberkOhn. 



The Ileo-oeeal Vulve. — Where the small intestine joins 
the large, there is a valve formed by two flaps of the mucous 
membrane sloping down into the colon, and so arranged as 
to allow matters to pass readily from the ileiun into the large 
intestine, but not th? reverse way. 
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the upper part of the abdominal cavity (/«, le , Fig. 4), 
raflier more on the nght than on the left side, immediately 
below- the diaphragm. 'ITie liver is of dark reddish-brown 
color, and of soft friable testure. The vessels carrying 
blood to the liver (Fig. 64) are the /or/a/ vein ( Vp), and 
the hepaiic arlery ; both enter it at a groove on i is under 
side, wh«e a duct also passes out from each half of the 
Digan. The ducts unite to form the hefalic duel {Dh), 
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by the union of the hepatic and cystic ducts, opens into the ' 
duodenunn. 

The Fnnctioni of the Liver. — ^The taie of ilie liver sug- 
gests that it has important functions in the body. It re- 
ceives all the blood from the stom&ch and intestines (the 
portal system). Its cells destroy old red corpuscles. They 
also take out of the blood excess of sugar and store it up in 
the form of a kind of uiimal starch (glycogen'), which they 
IcUer dole out again as sugar when the blood needs it 
periments suggest that the liver cells bring about the final 
oxidation of nitrogenous materials into urea, in which form 
they are excreted by the kidneys. 

The Panoieas * is a compound racemose gland. It is an 
elongated soft organ of a pinkish-yellow color, lying along 
the lower border of the stomach. Its right end is embraced 
by the duodenum, which there makes a curve to the left. A 
duct drains it and joins the common bile duct close to its 
mtestinal opening. The pancreas secretes a watery-looking 
liqiud. much hke saliva in appearance, which is of great 
importance in digeBtion, 

•B 1 i tl ( 1 1 ( 11 11 (111 (Id 

and th 1 ! ( 1 1 I I 1 I | II 

animals, anil lyitig at tlie butluni uI Ihe iieik snii iippLT pnri tif Ihe cliesi 
in fivnt of tbe windpipe. 
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CHAPTER XII. 



The Gi^wt of Digestion, — A few of the foodstnfTs which 
we eat arc in solution and ready to soak at once into the 
lymphatics and blood vessels of the alimentary canal; others. 



: of a 



the alimentan- tiii>e net m v.inoiis wavs iiiion dulcrciit food- 
sums, iiissoivjiig some :iik1 i:iiemically changing oiliers. until 
at lasi ail are in a eomiiiion in which they can lie taken up 
into me Ivniph and blood-vessels for transference lo distant 
pans of the body. 

Digestive FermentB. — ^The chemical changes nei ts.'arv to 
make the foods absorbable are accomplished almost wholly 
by the action of various organic ferments, each « ith a sjiecial 
power adapted to the digestion of a. particular foodstuff. 
Pfyalm. found in saliva, pepsm and rennin in gnstnc juice. 
Irypsm. amjflopsm. and steapsm m the pancreatic juice, and 
vtverim in the intestinal juice, are the most important of 
these. 

The Saliva, the fiist solvent poured upon the food, is a 
mixture of pure sahva from the sah vary glands with the 
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mucus secreted hj the membrane lining the mouth. This 
mixed seUma is a colorless, cloudy, feebly alkaline liquid. 

The UiM of Baliva are mainly phydcal and mechanical. 
It keeps the mouth moist and allows us to speak with com- 
fort. Most young orators know the distress occasioned by 
the suppression of the salivary secretion through nervous- 
ness, and the imperfect efficacy under suc;h ci ran instances of 
the traditional glass of water placed beside public speakers. 
The saliva also enables us to swallow dry food f such a thing 
as a crarkor when chewed would give rise merely lo a heap 
of dust, impossible to swallow, were not the luoutli cavity 
kept moist.* The saliva furthiT dissolves sinh bodies as 
salt and sugar when taki^n into the moulh in a solid form^ 
and enables us lo taste them ; undissolved substances are not 
tasted, a fact which any one can verify for himself by wiping 
his tongue dry and placing a fragment of sugar upon it. 

Chemical Action of the Saliva.— In addition to these phy- 
sical actions, the saliva effects a chemical change on an im- 
portant foodstuff, due to tlie presence of the ferment ptyalin. 
Starch (although it swells up greatly in hot water) is insoluble 
and cannot be absorbed from the alimentary canal. Ptyalin 
adds chemically a portion of water to the starch and thus 
changes it into the readily soluble and absorbable maltose, a 
form of sugaTf 

3C.H„0,+ 3H,0 = *C.H„0,. 

ordeal for ^.l.e „ , ,,:m„ ,1..^ Vi,,' ^iiiliy ]Kr.„n, Wievi,^ 

does actually become unable to sw.illu'w the rice; while in those with 
clear consciences the nervous system, acting noimally, excites the usual 
reSex seciction, and the dry food causes no difficulty of deglutitian. 
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The Influence of Saliva in Promoting Digestion in the 
Stomach. — It changes starch into maltose most rapidly when 
110 acid is present. When the food pnsscs from the mouth to 
the stomach the saliva's action is retarded by the acidity of 
the gastric juice. Indirectly, however, the saliva |iromntes 
digestion in the stomach. Weak alkalies stimulate the gastric 
glands to pour forth more abundant serrction,* and the alka- 
line saliva acts in this way. This is one reason "liy food 
should be well chewed before being swallowed; its taste, and 
the movements of the jaws, e\cite a more abundant salivary 
secretion, and the saliva, when swallowed, helps to stimulate 
the stomach. 

Swallowing or Deglntition. — A mouthful of solid food is 
broken up by the teeth and rolled about the mouth by the 
tongue until it is thoruiighlj mixed with saliva and made into 
a sofl pasty mass. The muscles of the cheeks keep it from 
getting between them and the gums.f The mass is finally sent 
on from the mouth to the stomach by the process deglulilion, 
which occurs in three stages. The first slage includes the 
passage from the mouth into the pharynx. The food being 
collected into a li<-ap on the toiij,'Lii.s the lip of that organ is 
placed against the front of the liard [lalatc, and then the rest 
of the ton^'ue is raised from before back, so as to compress 
the food mass between it and the jialatc and drive it through 
the fauces. This much of the act of swallowing is voluntary, 
or at least is under the control of the will, although it com- 
monly takes place unconsciously. The second sUige of deglu- 
tition is th;it ill which the food glasses through the pharynx ; 

• Hcncc the efficacy of .\ lUllc tarboiiale of soda «r apollinaris water 
laki-n liefiiR' wxV. in somf forms of dyspepsia. 

t Persons wilh f.iL'ial ]xirilysii have fiom time to time to prcES out 
with (lie lui^cr food wliicli li.iii collected outside the guins, when it can 
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this is the most raiiiil prt of ils progress, since the pharynx 
has to be emptii^d qiiii-kly so a,s lo clear the opening of the air- 
passages Tor breathiiiE.' purposes. Tht; fuotl mnss, p:issillg 
back over the root of ihc tongue, |iiishes down the epiglottis; 
at the same time the larj'nx (or voice-box at the top of the 
windpipe) rises to meet the epiglottis, and thus aids in closing 
the passage to the lungs.* The soft (lalate is raised at the 
same time to close the passage into the nose (see I''ig. 46). 
As the final step the isthmus of the fauces is closed as soon 
as the food has passed, by ihe contraction of the muscles on 
its sides and the elevation of the root of ihe tongue. As all 
passages out of the pharynx except the gullet are thus blocked, 
the pharyngeal muscles, by contracting, can squee?.e the food 
only into the. cesophagus. The muscular movements concerned 
in this irart of deglutition are all excited without the interven- 
tion of the will ; the food, by touching the mucous membrane 
of the pharynv, produces involuntarily the proper action of 
the swalloii ing muscles, f Indeed, many persons after having 
got the motith completely empty cannot perform the move- 
ments of the second stage of deglutition at all. On account 
of the involuntary nature of the contractions of tiie pharynx 
the isthmus of the fauces forms a sort of Rubicon ; food that 
has entered the pharynv must be snaliuwed, even though the 

Ihird slage 11/ .kglutilhm is lh;it In whic;h the fond is |>:iss:ng 
along the gullet, and is comparatively slow. Even liquid siib- 
stancesdo not fall or flow down this tube, but have their pas- 
sage more or less controlled by its ihuscular coats, which grip 

* llic rnisinRof Ihcliirynx ■iiirins swiillowirij! c;m 1»- rr.i.Iili- f.lt l>y 
pbciiij; the finyoron il* larijc i-irliUK': fiiniiiiij; Ail..m'- " in llw 

t Die pnxKss is what 19 kiicjwn as a reflex attiun. Si-t Cliap. XX. 
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the successive porlions swa.lloiVL'd and pass thcni on. Hence 
the possibility of performing the apparently wonderful feat of 
drinkinjj a glass of water while standing upon ihc head : [jco- 
ple forget that one sees the same thing done every day by 
horses and other animals which drink with the pharyngeal end 
of the gullet lower than the stomach. 

The Gastrio Juice. — The food having entered the stomach 
is exposed to the action of the gastric juice, which is a Ihin 
colorless or pale yellow liquid of a strongly arid reaction. It 
contains, beside water, salts and mucus, /ric hydnH-hluricadd 
(about 0.2 per cent), and a ferment pepsin, whicli in acid liq- 
uids has the power of converting ordinary proieids into closely 
allied substances called peptones. It also dissolves solid pro- 
teids, changing them at the same time into peptones. 

Peptones, — Ordinary proteids are ty|>ic;al examples of 
what are called "colloids," that is to say, substances which 
do not readily pass through moist animal membranes. Pep- 
tones are a kind of proteid which does readil)- pass through 
such membranes, and are, therefore, i'a[):Lble of absorption 
from the alimentary canal. Dialysis , p. 145.) 

The change to peptone is solely for thr piiri iiiN oTabsorp- 
tion, since peptone is not found in the iiloijd, .\:\(\ when in- 
troduced acts as a poisont Peptone is thielly refiresented in 
the blood by the blood proteids serum, albumin and scrum 
globulin. This change from the diffusible peptone back to a 
non-di (Fusible proleid is supposed to be due to the action of 
the epithelial cells of the intestine through which Ihc absorp- 
tion takes place. It is thus seen that the digestion of pro- 
teids IS but a step toward the production ol the proteids of 
the blood, which form the real nitrogenous food ol the tissue. 

Gastric Digestion. — In the stomach the onward jirogress 
of the food IS stayed for some time. The pyloric sphincter 
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remaining contractc'd closes the aperture leading into the 
intestine, and the irregularly disposed muscular layers of the 
stomach keep its semi-liquid contents in constant movement, 
by which all iiortions are thoroughly mixed with the sei ve- 
tion of its glands. In the stomach, part of the proteid of the 
food is dissolved ami turned into peptones. Certain mineral 
Baits (as phosphate of lime, of which there is always some in 
bread), which are insoluble in water but soluble in dilute 
acids, are also dissolved in the stomach. On the other hand, 
the gastric juice has no action upon starch, nor does it digest 
oily substances. liy the solution of the white fibrous con- 
nective tissues the disintegration of animal foods, commenced 
by the teeth, is earned much further m the stomach : and 
the food-mas.s, mived with murh gastric scirctioii, lii'C-omes 
reduced to the consistency of a thick soup, usuallv ot a ijray- 
ish color. In this stale it is lalliid i;/;.™,;. 

The Chyme contains, after an (irdmary meal, a consid- 
enbte quantity of peptones, which are m part gradually 
absorbed into the blood and lymphatic vessels ol the gastric 
mucous membrane and carried off, along with other dissolved 
and dialy/alile bodies, e.g. salts and sugar. After the food 
has remained in the stomach some time (one and a half to 
two hours) the pyloric sphincter relaxes at intervals to allow 
the liquehed lood to pass on in successive portions into the 
duodenum. At the end of three or lour hours the stomach 
]S ordinarily emptied, as the pyloric sphincter hnslly relaxes 
to such an extent as to allow even the large indigestible 
masses to be squeezed into the intestines.-*- 

The Chyle. — The pancreas commences to secrete as soon 

• Several of tlic alxive farts were fint observed on a Canadian triipper, 
Alexis Si. Martin, who as a result of a gunshut wound hail a pvrniLiiiunt 
opening from the Burbce of the abdomen to the interior uf the stomach. 
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as food enters ihe stomauh ; hi^iice a quantity of its secretion 
is already accumulated in the intestine when the chyme enters. 
The gall-bladder is distended with bile, secreted since the 
last meal. The acid chyme stimulating the duodenal mucous 
membrane causes a reflex contraction of the muscular coat of 
the gall-bladder, and a gush of bile is poured out into the 
chyme. From this time on both liver aud pancreas continue 
secreting actively for some hours, and pour their products 
into the intestine. The glands of the intestine are also set at 
work. All of these secretions are alkaline, and they suffice 
very soon to more than neutralize the acidity of the gastric 
juice, and so to convert the acid cAj'me into alkaline cAyle, 
This, as found in the intestine after an ordinary meal, con- 
tains water, partly swallowed and partly derived from the 
salivary and other secretions, undigested proteids, some un- 
changed starch, oils from the fats eaten, peptones formed in 
the stomach but not yet absorbed, salines and sugar, which 
have also escaped complete absorption in the stomach, indi- 
gestible substances taken with the food, together with the 
secretions of the alimentary canal. 

The Fsnoieatio Seotetiou is clear, water}-, alkaline, and 
much like saliva in appearance. The Cermans call the j>an- 
creas the "abdominal salivary gland." In digestive prop- 
erties, however, the pancreatic secretion is tai more impor- 
tant than the saliva, acting not only on starch but on proteids 
and fats. On starch it acts like the saliva, but more ener- 
getically because of the presence of the ferment amylopstn. 
It produces changes in proteids similar to those effected in 
the stomach, but by the agency of the ferment, trypsin, which 
diffets from pepsin in being able to act in an alkaline, neutral 
or slightly acid solution. Upon fats the pancreatic juice 
has a complex effect. Through the action of another fer- 
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iinjiil, sleapsin, it ^jiliLs up a portion of the fals into fatty acids 
and gljcoriu. The alkali jiresent unites with the falty acids 
to form in hufTicieiit i|iiantily to assist in emulsifying 

such portion of the fits as has not been split up. This pro- 
cess of changinij fnts into soaps is known as saponification. 
As soap and glycerin are ™Uihle in water they are capable of 
absorption.* The greater jart of the fats is not, however, so 
broken up, but merely mechanically separated into droplets 
which remain suspended in the chyle and give it a whitish 
color, jiast as cream particles are suspended in milk, or olive 
oil in mayonnaise sauce. IT oil is shaken up with water, the 
two will not mix, but if some raw egg is added a creamy 
mixture is readily formed in which the oil remains for a long 
time evenly suspended in the watery menstruum. The rea- 
son of this is that each oil droplet becomes surroimded by a 
delicate pellicle of albumen and is thus prevented from fusing 
with its neighbors to make large drops which would soon 
float to die top. Such a mixture is called an mmhion, and 
the albumen of the pancreatic secretion emulsifies the oils in 
the chyle, making it white because the innumerable tiny oil- 
drops floating in it reflect all the light which &lls tm its sur- 
face. It is probable that fats in this condition of fine divi- 
sion may be absorbed without fiuther change. 

The saponification of fat, like the peptonizing of proteids, 
is but a step in the process of getting the fat into the blood. 
Fat alone is found in the blood ; hence the soap formed is 

.(c,.H..o,.(„.+ 3,„ =3r-"";;[o)+<:'S;[o. 

I Slearfn + 3 Water := 3 Stearic acid + i Glycerin. 
Ordinary soap is a compound of a Eitty acid with soda, cokired and 
scented by the addition of various substances. Soft soap is a compotmd 
tA a &Uy add with potash. Both <Ussolve in water, though the £its from 
which they are made will not 
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undoubtedly reconverted into fat by the union of the &tty 
acids and glycfiin. 

The Bile. — Human bile when quite fresh is an alkaline 
golden-brown liquid. It contains coloring matters derived 
from broken-down red blood corpuscles, mineral salts, water, 
and the sodium salts of two nitrogeniKed adds, taurocholic 
aaS. glycochoHc, of which the former predominates. 

The Uaei of Bile. — ^Bile has no digestive action upon 
starch or proteids and does not break up fats. Whether it 
emnl^fies fats has been a matter of much discussion. It has 
been found by experimentation that if a rabbit is killed after 
having been fed with oil, no milky chyle is fotmd above the 
point where the pancreatic duct opens into the intestine, 
although the bile entered and mixed with the intestinal con- 
tents a fool above this opening. The bile alone does not, 
therefore, emulsify fats in the rabbit In many animals, as 
in man, the bile and pancreatic duels open together into the 
duodenum, so that if an animal is killed during digestion and 
emulsified £its are found in the chyle, it is impossible to say 
whether or not the bile had a share in the process of emulsi- 
fication. As, however, the bile of rabbits is much the same 
as that of other animate, it has been inferred that the bile 
does not emulsify fats in the intestine. Some have even 
gone so far as to say that the inertness of bile with respect to 
other foodstufls makes it probable that it has no digestive 
power at all, but is merely an excretion which is patsed out 
of the body through the alimentary canal. 

There are many &cts, however, which militate against this 
view. The bile enters the upper end of the small intestine 
at a point which necesdtates its traver»ng more than twenty 
feet before it can pass from the body. Moreover, a large 
part of the bile is reabsorbed from the intestinal tract, to be 
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again secreted by tiie liver and again reabsorbed. Thus 
there is a strong supposition in &vor of its being intended 
forspedal use in the intestinal tract. By its alkalinity it 
undoubtedly assists in overcoming the acidity of the chyme 
and so allows the pancreatic secretion to act more strongly. 
It probably helps to excite the contractions of tlie muscular 
coats of the intestines, since constipation often results when 
die bile duct is temporarily clogged, as it usually is in jaun- 
dice. It probably also acts as a preservative, for a deliciency 
of bile secretion is said to lead to putrefaction of the intes- 
tinal contents. 

There are other facts, moreover, that point to the direct 
influence of the bile in promoting the absorption of fats. 
If one end of a very narrow gla.ss tube is moistened with 
water, oil will rise in it Imt slightly ; if the tube is moistened 
ivitli bile instead of water, the oil will ascend higher. 
Again, oil passes through a membrane kept moist with 
bile under a much lower pressure than through one wet 
with water. Hence, it is quite possible that bile, by moist- 
ening the cells lining the Intestines, may facilitate the pas- 
sage of oily substances into the villi and thus promote the 
absoqition of fats, 

Moreover, experiment has shown that if the bile is pre- 
vented from entering the intestine of a dog he eats ^uch 
more food than before, and that a great proportion of the 
fatty part passes out of the alimentary canal unabsorbed. 
There is no doubt, therefore, that the bile somehow aids in 
the absorption of fats. 

The Intertlnal Jvioe con»sts of the mixed secretions of 
the crypts of Lieberkiihn and other glands of the intestine. 
It is very difficult to obtain it pure, and hence its digestive 
action is imperfectly known. It is alkaline and helps to over- 
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come the acidity of the chyme and to allow the trypsin of the 
pancreas to act on proteids. It seems capable itself of dis- 
solving some kinds of proteids and turning them into pep- 
Intestinal OigCBtion. — Having considered separately the 
digestive actions of the different secretions poured into the 
small intestine, we may now consider their combined action. 
The acid chyme entering the duodenum from the stomach is 
more than neutralized by the alkaline secretions which it 
meets in the small intestine ; it is made alkaline. This alka- 
linity allows the pnncreatic secretion to finish the solution 
and transformation of proteids into peptones. The pancreatic 
secretion also continues the conversion of starch into maltose. 
The bile and pancreatic secretion are thoroughly mixed with 
the iats by the contractions of the intestiDe, producing an 
emulsion, which is taken up by the celb lining the intesUne, 
To a certain extent the fets are also saponified. The result 
of all these processes is a thin, milky alkaline liquid called 
chyle. 

Indigeitible SnbttanMl.— Wth every meal several things 
are eaten which are not digestible. Among them are elatlic 
tittue, forming a part of the cotmective tissue of all animal 
foods, and celluloie, the chief constituent of the cell walls in 
plants. The mucus secreted by the membrane lining the 
alimeDtaiy tract also contains an indigestible substance, 
mucin. These three materials, together with water, un- 
digested foodstufTs, the coloring matter of foile, and other 
excretory substances fbimd in the various secretions poured 
into the alimentary canal, form a residue which collects in 
the lower end of the large intestine, and is from time to time 
expelled from the rectum. 

The regular daily expulsion of waste matters is of the ut- 
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moat itniiortaiite from the standpoint of health. If the food 
contains too little indigestible material there is not sufficient 
bulk remaining in the large intestine to insure its being 
moved forward by peristaltic action to the rectum for expul- 
sion. The waste matters of some foods, as the bran of 
wheat, the fine beard of oats, by their irritation of the intes- 
tinal wall lead to a more vigorous peristalsis. Infrequent 
evacuation permits decomposition through the activity of the 
hordes of bacteria which infest the large intestine. To the 
absorption of the products of decomposition from the intes- 
tine are to be attributed some of the harmful effects of this 
condition. This is so common a trouble that it is not sur- 
prising that patent medicines owe timir success to the fact 
that they are chiefly laxative and thus give temporary relief. 
Exercise, regularity of habit, the use of foods with a large 
share of waste, such as bread made of graham Hour, onions, 
corn, green peas, fruits, and the drinking of plenty of water, 
are the best preventives. 

I>2r>pepBia is the common name of a variety of diseased 
conditions attended with loss of appetite or troublesome 
digestion. The immediate cause .of the symptoms and the 
treatment necessary may vary widely ; the detection of the 
cause and the choice of the proper remedial agents often call 
for more than ordinary medical skill. A few of the more 
common forms of dyspepsia may be mentioned here, with 
their proximate causes, not in order to enable people to 
undertake the rash experiment of dosing themselves, but to 
show how wide a chance there is for any unskilled treatment 
to miss its end and do more harm than good. 

Appetite is primarily due to a condition of the mucous 
membiane of the stomach, which in health conies on after a 
short fast snd stimulates its sensory nerves ; loss of appetite 
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may be due to ;iny of several causes. The Ktomach may be 
apathetic and bck its normal sensibility so that the empty con- 
dition does not act as a sufficient excitant. If food is taken 
at such a time it is often a sufficient stimulus, and " appetite 
comes with eating." A bitter solution before a. meal Is useful 
as an appetizer to patients of this sort. On the other hand, 
the stomach may be too sensitive, and a voracious ^tpetite 
be replaced by nausea, or even vomiting, as soon as a few 
mouthfnls have been swallowed ; the extr.i stimulus of the 
food overall mulates the too irritable stomach, just as a 
draught of mustard and warm walor overstimulates a healthy 
one. The proper treatinent in such cases should be sooth- 
ing.* In stales of gcnenil debility, when the stomach is too 
feeble to secrete under any stimulation, the administration of 
weak acids and artificially prepared pepsin is needed to supply 
gastric juice until the improved digestion enables the stomach 
to do its own work. 

Enough has probably been said to show that dyspepsia is 
not a disease, but a symptom accompanying many diseased 
conditions, which require special knowledge for their treat- 
ment. Since it deprives the body of its proper nourishment, 
it tends to intensify itself and should never he neglected. 

Absorption from the Alimentary CanaL— Through its 
whole extent the mucous membrane lining the digestive tube 



• When food is taken it ought to slimulale Ihe seii?<jry gristric nerves, 
BO SB to excile Ihe reflei centres for Ihe pecreiory iirr/:- ,ui.l for ll.e 
IKion of the blood vessels of ihe oryan ; if ii .i. .e- ],.,(, iIk- .^.L-tri. juiiL^will 

nerves by weak alkalies {p. np.>llinaris wiiler or a Mllle carbonate 

of soda, before meals ; m i^ivi- dnii,-, strychnine, which increase the 
irritability of rtiiex ntrvL- cintn- Tlir v i-cuUr dllaUlioa ma)- be helped 
by warm drinks, and lliis is pn.liabl)' llie ralionall Of tbe gla^g (if hot 
water after eatine which has betH i" mifoe. 
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is traversed by a very close meshwork of blood and lymph 
vessels. Matters ready for absorption pass through or be- 
tween the (ell"; io\crinL' thu surface of the mucous membrane 
and then tliumijh t(ic very thin walls of the smallest blood 
and lym]ih vessels ; by these they are conveyed to the larger 
channels leading to the heart. From the heart ihe digcsiud 
and absorbed food is distributed to every part of the body. 

Absorption from the Month, Pharynx, and Qnllet is ordi- 
narily slight. Water, common salt, sugar and grape sugar 
are no doubt taken up during the processes of chewing and 
swallowing, but the lime which elapses between taking a 
mouthful of food and its transference to thi: stomath is uMially 
too shoit to allow any considerable ab.wr|ilion. 

Absorption from the Stomach. — tood stius in the stomaih 
a considerable time, and it might be supposed that absorbable 
material would be taken up to a considerable c>:tcnt by the mu- 
cous membrane of the stomach and pa.s.scd on into the general 
blood current. As a matter o( f ict, esperiuients have demon- 
strated very little absorption in this way. 

AbBOrption from the Small Intestine is by far the most 
important in bringing nutritive matters into the body. 
The stomach is an organ rather of digestion than absorption ; 
the small intestine, on the other hand, is specially constructed 
to absorb, Its valvulfe conniventes delay the progress of the 
food mass, while its innumerable vilii, with their blood vessels 
and lymphatics (p. 125), reach out, like so many rootlets, 
into the chyle to take it up. 

The sugars reaching the small intestine or formed in it are 
absorbed mainly into the blood and carried to the liver, 
where they are turned into gfycogen for storage. The pep- 
tones passed into the intestine from the stotnach, or formed 
in it by the actioa of the pancreatic sectetion, are taken up 
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both by the lymphatics and by ihi; blood vijsscls. The emulsi- 
fied fats pass into the lymphatics of the villi and are carried 
by them to the blood. 

Tbf Lacteala. — ^The innumerable tiny fat drops drained 
off by the intestinal lymphatics or lacteabahcr an ordinary 
meal make their contents look while and milky, hence the 
name.* During fasting the lymphatics of the small intestine, 
like those in other parts of the body (see Chap. XIII.) con- 
a clear colorless liquid. 

Dialysil. — ^Wben two spedmens of water containing difTer- 
ent matters in solution are separated from one another by a moist 
animal membrane, an interchange of 
material will take place under certain 
conditions. If a solution of common 
salt Ls placed in an apparatus (Fig. 66) 
on one side (_B) of an animal mem- 
brane, and a solution of sugar in water 
on the other side (C), it will be found 
afler a time that some salt has got into ^ ^ ^^^^ 
Cand some sugar into 5, although there ^{^^^"^ Tai'n'^mo'iiu"^ 
are no visible pores in the partition, '" '"."wrio 
and the pressure of the liquid is the 
same on both ades. Such an interchange is said to be due to 
diafysu or oanent, and if the process is allowed to go on for 
some hours the same proportions of salt and sugar will be 
found in the solutions on each side of the dividing membrane. 

Substances differ much in the rapidity with which they may 
be dialyzed. Salts of various kinds ordinarily dialyze much 
more rapidly than sugar, peptone, etc Many substances are 
inc^ble of dialyzation. Food materials are almost univer- 
sally found among these, and hence there is the necessity 
* Fram Latin lac, milk. 
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for digestion, which, \iy making the foods dial yzable, facili- 
tates tlieir absorirtioii, Subslan.os ivhidi are dialy^alilc arc 
called crysla/luids , those wliich are not, colhiJs. 

AbBorption from the Large InteBtine. — In the ilnodcnuin 
the bulk of food entering fram the slumaeh is iiK.reased l>y 
the bile and paneri-Mlii. iccreiifju^. Tlii'iK-i^furth Ld)-.(triJtion 
overbalances secretioEi, :',i;d tlie food nui;.s buomcs le^s and 
less in bulk to the lower end of the iiemn. The contractions 
of the small intestine jinsli forward its continually diminishing 
contents, until ihey reai.h thi; ili;o-( ;eial valve, through which 
they are ultimately pressed. When the mass enters the large 
intestine its nutritive portions have been almost entirely ab- 
sorbed, and it consists chielly of "ater, wicli tlie indigestible 
portions of the food and the secretions of the alimentary 
canal. It contains cellulose, elastic tissue, mucus, altered bile 
pigments, fat if a large quantity has been eaten, and starch 
if raw vegetables have formed part of the diet. 

In the large intestine there is a considerable absorption of 
water and of the unabsorbed products of digestion. It is 
probable that digestion may continue to some degree here. 
When artificially prepared foods are injected into the rectum 
in sufficient amounts, the absorption is rapid enough to sus- 
tain life for several weeks under favorable conditions, although 
no food is taken into the stomach. 

Mnally the leadue is expelled from the body. 



CHAPTER Xni. 

BLOOD AND LYMPH. 

Why Ve Heed Blood. — Some very small animals of simple 
structure require no blood ; every part catches its own food 
and gives off its own wastes to the air or wai&T in which the 
creature lives. When, however, an animal is larger and 
made up of many organs, some of which are far away from the 
sur&ce of its body, this is impossible ; some organs are there- 
fore set apart to catch food, and arrangements made to carry 
this food to the others. In our own bodies many parts lie far 
away from the stomach and intestines which receive, digest, 
and absorb our food, and from the lungs which take oxygen 
from the air ; yet every part, bone and muscle, brain and 
nerve, skin and gland, needs a constant supply of these 
to keep it alive. The division of labor, in accordance with 
which some organs are especially set apart for the purpose of 
receiving substances from the outside world to minister to the 
growth and repair of the body and to fiimish energy, necessi- 
tates an arrangement by which the matters received shall be 
distributed to other parts. The distribution is accomplidied 
by tie Shod, which goes to every organ from the crown of the 
head to the sole of the foot. As it flows from part to part, the 
blood takes nourieJunent from the alimentary tract and oxygen 
from the lungs, and gives them out to the parts which need 
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The Removal of Wastes.— The rapidly fiowing blood not 
only conveys a supply of nutritive material for all the organs, 
but is a sort of sewage stream that draiiis off their wastes 
(p. 86), and carries thera to the excretory organs, by which 
they are removed from the bodv. 

The blood is a middleman, trading between the receiving 
organs (lungs and alimentary canal) and the tissues of the 
body, and again between the tissues and the excretory organs. 
Each part is thus kept supjilied willi food and. freed froni 
wastes, though it may lie far distant from all places where 
new materials first enter the body, and from those where 
refuse and deleterious substances are fniall)' passed from it. 

The Blood, as every one knows, is a red liquid which 
is very widely distributed over the body, since it flows from 
any part of the surface when (he skin is i ul. There are, how- 
ever, a few parts into which blood is not carried. The outer 
layer of the skin,* hairs and uails, the hard parts of the teeth 
and most cartilages contain no blood; these tion-voicular 
tissues are nourished by liquid which soaks through the walls 
of blood vessels in neighboring parts. 

The Histology of Blood. — Fresh blood is to the nna.ssisted 
eye a red 0|>aque Hquid showing no sign of being made up of 
different parts ; but when examined by a mierosco|je it is seen 
to consist of a liquid, the blood plasma, which has floating in it 
countless multitudes of closely crowded and extremely minute 
solid bodies known as blood corpuscles. The plasma is color- 
less and watery -looking ; the corpviscles are of two kinds, red 
and colorless. The red corpuscles are by far the most numer- 
ous and give the blood its color ; they are so tiny and so 

*The ahFeiice of bti)od in the ^upcrficia.) \\yex of the skin may be 
raidily sin.mi : l;ike a fine nesdle llirea<ki] with Silk ; hf taking shallow 
slitclies a palteni can lie easily tmliruiilcred on the pilm or back irf llie 
hand witliuut drawing a drop uf blood. 
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A Gbhxsai. View op thk LvupHatic-ok. Absobbbnt Svstbu 
OP Vbssbls. 

At « Is seen a portion of tbe small intestine from which tacteals or 
chyle-conveying Tessels, d, proceed (Iheir origin within the villi may be 
seen magnified in fig. 6i) ; at /the thoradc duct, into which tlie lacteals 
open. This duct passes up the bick of the clicst, and opeii^ into the 
great vein at g, on the left side of the neck : here the chyle mingles willi 
the venous blood. In the right upper and luwer limbs the superficial 
lymphatic vessels // / /, which lie beneath the skin, ate represented. In 
the left upper and lower limbs the deep lymphatic vessels whicli accom- 
pany (he deep blood vessels are shown. The lymphatic vcsiels of the 
lower limbs jiiin the llioricic duct at Ihe sp,t where the h.cteiils open into 
it ; those from \'n<i left upper limb find fr..m llie It-fl ^vV. oi the lit- ;id and 
neck open irjlo lh;it dutt :il the n>iil i.f the neck. Tlif.- lym|.h,i(ic:^ tr.im 
the right npp.T limb and from iKu Hyht -if the ln.-,id uiid ik-ck juin 
the great veins at n. Ai m m are tui^n the enlfirgemenis called lymphatic 
glands, situated in the course of tlie lymphatic vessels. These vessels 
convey a fluid called lymph, which mingles with the bhxid in the great 
veins. A fuller account uf the lymphatic vessels in general, as distin. 
guished &om that section of them known as the lacteaL, will be fiDiind on 
p. 159. 
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plentiful that about five millions of iheni are contained in 
a drop of blood the size of a small ]iinhead (i cu. mm.). 
They are so closely packea that the unaided eje cannot see 




the spaces between them, and so the whole blood appeals 
umrormly red. 

Bed Blood Corpnsolea. — The red corpuscles of human 
blood (Fig. 67) are circular disks slightly hollowed out on 
each face. Seen singly with a microscope each is not 
red but pale yellow ; a drop of blood spread out very thin on 
glass, or mixed with a lablespoonful of water, is also pale 
yellow ; the corpuscles look red only when they are crowded 
together in a mass. Soon after blood is drawn most of the 
red corpuscles cohere side by side in rows, something like 
piles of coin. 
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The red corpusdes of ciiost iiiammnlia resemble those of 
/—V man in being circular bl- 



and contain a nucleus in the centre such as is not found in 
human red corpuscles. 

The Origin of the Bed CorpnioleB.— In adult life the red 
blood corpuscles are constantly being destroyed and as con- 
stantly renewed. They are developed in the red marron' of 
the booes, thrown into the blood current to perform their 
work of carrying oxygen, and when apparently no longer 
able to do this work successfully, are destroyed by the 
liver. 

Emmoglobiii. — Each red corpuscle is soil and jelly-like. 
Its chief constituent, besides water, is a proteid substance 
containing iron, ktBm'o-gto-bin, which has the power of com- 
bining with oxygen when in a place where oxygen is plenti- 
fiil, and of giving it off again in a region where it is present 
in small amount or not at all. This enables the blood to carry 
oxygen from the lungs to the active tissues which have used 
up their supply. 

Hiemoglobin itself is dark purplish-red in color; hterao- 
globin combined with oxygen is bright scarlet. Accordingly, 
the blood which Rows to the lungs alter giving up its oxygen 
is dark red, but becomes a bright scarlet after having recfflved 
a fresh supply of oxygen from them. 

The Colarleii Slood Corpniolei are a little larger than the 
red, but much less numerous (about i to 300). As their 




concave pale yellow disks; 
those of camels and droni- 
ed;iiies, however, are oval. 
The red blood corpuscles 
of birds, reptiles, amphib- 
ians, and fishes are oval 
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independently moving cells which 
blood. They apparently have the 
substance sny foreign particles such 
5 of pigmeni which have been in- 
ty, and bacteria. These particles 
unlike in its results that 
the ahiiienlary tract of higher animals, 
of passing through the walls of the cap- 
ering about through the tissues of the 
ing what thev may devour." Doubtless 
which have entered the body 



by way of the n 



that the i 



This process 



:planation of the 

ir of the corpuscles. When the bacte- 
eat to be handled successfully, the cor- 
oyed by the bacteria. In abscesses 
lund of these two forces. The in- 
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vasion ofthe bacteria through & Bciatch or cut leads to irrita- 
tion of the tissues ; this in turn leads to the advance of the 
army of corpuscles. In the struggle many of the combatants 
on both sides are destroyed. Many times the corpuscles 
collect in such numbers that they fill up the tissues and even 
clog the circulation of the blood, thus shutting off food from 
themselves and the tissues and contributing to their own de- 
feat In the discharge (pus) from such abscesses, white 
blood corpuscles arc found in immense numbers. 

The Ooagnlatioii of Blood. — ^When blood is fiist drawn 
from the Uving body it is perfectly liquid, flowing as readily 
as water. This condition is only temporary ; in a few min- 
utes the blood becomes sticky and resembles a thicic red syrup; 
the thickening becomes more and more marked, until, after 
the lapse of five or six minutes, the whole mass is a firm jelly 
and adheres to the vessel containing it, so that this may be 
inverted without spilling. This stage is known as that of 
gdatmvsa^n, and is also not permanent. In a fev minutes 
the top of the jelly-lilte mass will be seen to be hollowed or 
" cupped," and in the concavity mil be found a small quan- 
ti^ of nearly colorless liquid, the blood seruvt. The jelly 
nat shrinks so as to pull itself loose from the sides and bot- 
tom of the vessel containing it, and as it shrinks it squeezes out 
more and more serum. Ultimately we get a solid clot, colored 
red and smaller in size than ihc vessel in which the blood co- 
agulated, but retaining its form, and floating in a quantity of 
pale yellow serum. The whole series of changes leading to 
this result is known as the coagulation or dolling of the blood. 

Cause of Compilation.— If a drop of freshly drawn blood 
is studied under the microscope, one will observe beside the 
red and white blood corpuscles a coloriess liquid in which 
they float This 19 the flasm of the blood. Very fine solid 
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threads will be seen to separate out from the blood. These 
quickly run through the plasma in every direction and form a 
close network ent;mgling the corpuscles. These threads are 
composed of an albuminous (protcid) substance known as 
fibrin. When they first fomi, the whole drop is much like a 
sponge soaked full of water (represented by the serum), and 
having solid bodies (the corpuscles) caught in its meshes. 
After the fibrin threads have been formed tliey begin to 
shorten; hence the fibrinous nelwork tends to shrink in every 
direction, and this shrinkage is greater the longer the i lotted 
blood is kept. At first the threads stick too firmly to the 
bottom and sides of the vessel to be jialled aivav, and thtLs 
the first sign of the contraction of the fibrin is seen in the 
cupping of the stirface of the gelatinized blood where the 
threads have no solid attachment, and there the contracting 
mass presses out from its meshes the first drops of serum. 
Finally the contraction of the fibrin overcomes its adhesion to 
the vessel, and the clot pulls itself loose on all sides, pressing 
out more and more serum. The great majority of the red 
corpuscles are held back in the meshes of the fibrin. 

The clotting of blood takes place only when blood is out- 
side of the body, and is due to the action of a fennent {jiirin- 
ferment) upon one of the proteid substances dissolved in the 
plasma [fibrinogen). This coagulation of the blood resembles 
closely that of muscle, which is also caused by the action of a 
ferment. The total amount of fibrin formed is slight (o. 
of the weight of the blood). 

Deflbrinated or Whipped Blood. — As the essential point 
in coagulation is the formation of fibrin in the plasma, and as 
blood only forms a certain amount of fibrin,* if this is re- 
* Fibrin is formed iuna fibrhagm, a soluble albumen existing in bkiod 
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moved as fast as it forms the remaining blood will not clot. 
The fibrin may be separated by what is known as "whipping" 
the blood. For this purpose freshly drawn blood is stirred 
vigorously vith a bunch of twi^ to which the sticky fibrin 
threads adhere as they form. If the twigs are withdrawn a 
quantity of stringy material will be found attached to them. 
This is at first colored red by adhering blood corpuscles, but 
if washed in water pure white fibrin may be obtained in die 
form of highly elastic threads. The blood from which liie 
fibrin has been removed looks like ordinary blood, but has 
lost its power of coagulating spontaneously. 

IThi of OoagnlBtion. — The living circulating blood in the 
healthy blood vesseb does not clot,' because it contains no 
solid fibrin, but this fonns in it when the blood gets out of 
the heart or blood vessels, or when the lining of these is in- 
jured. In a wound, the dots close up the moutlis of the small 
vessels which have been opened and stop the bleeding, which 
might otherwise go on indefinitely. So, too, when a surgeon 
ties an artery, the tight ligature crushes or teara its delicate 
inner surbce, and causes the blood to clot there. The clot 
becomes more and more solid, and by the time the ligature is 
removed is organized into a firm plug which effectually closes 
the artery. 

Tile CompoiltlaiL of Blood Sertun. — ^About one half of the 
bulk of fresh blood is corpuscles and the other half plasma 
minus the constituents of fibrin. What the plasma contains 
we may learn by examining blood seram, which is plasma 
minus fibrinogen. 

Blood serum is very difTcrent from water ; if we keep on 
boiling pure water in a saucepan it will allgoofTIn steam and 
leave nothing, behind, but if we try to boil serum we find that 
we cannot do it ; before it gets as hot as boiling water it sets 
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into a stiff, solid mass just like tbc white of a hard-boiled egg. 
In fact the serum contains dissolved in it two albumins very 
like that in the white of an egg, and coagulated in a similar 
way by boiling. About eight and a half pounds of albuminous 
substances exist in one hundred pounds of blood. 

Blood seram also contains considerable quantities of oily 
and &tty matters, a little sugar, some common salt and car- 
bonate of soda, and small quantities of veiy many other 
things, chiefly waste products from the various tissues. Ifine 
tenths of the blood plasma is water. 

Oompoiitioa ot the Bed Corpudei.— In the fresh moist 
state these contun a little more than half their weight of 
water. Nine tenths of their solid part is hcemoglobin, of 
which iron is one of the constituents ; they also contain sails 
of phosphorus and of potassium. 

The Blood Gaui. — Ordinary fresh or salt water has a good 
deal of air dissolved in it ; upon this fishes depend for their 
oxygen. Blood also contains a quantily of gases which it 
gives off when exposed to a vacuom, about sixty pints pf gas 
to a hundred pints of blood. These gases are, chiefly, oxygen 
and carbon dioxide. In the lungs the carbon dioxide diffuses 
out from the plasma of the blood in which it is dissolved into 
the air contained in the air cells. From this mr oxygen dif- 
fuses into the blood, to be taken up by the hiemoglobin of 
the red blood corpuscles. Hence the blood coming from tiie 
lungs is richer in oxygen and poorer in carbon dioxide. In 
the tissues which have only the carbon dioxide, this gas 
pushes its way into tlie blood, while the oxygen of the 
blood goes out to be used by the tissues ; hence the blood re- 
turning to the heart is richer in carbon dioxide and poorer in 
oxygen. 

The Blood usKedivm of Bidui^ — "Blood, then, is a 
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very wonderful Quid : wonderful for being made up of colored 
corpuscles and colorless fluid, wonderful for Its fibrin and 
power of clotting, wonderful for the many substances, for the 
proteids, for the ashes or minerals, for the rest of the things 
which are locked up in the corpuscles and in the serum. 

" But you will not wonder at it when you come to see that 
the blood is the great circulating market of the body, in 
which all the things that are wanted by all parts, by the 
muscles, by the brain, by the skin, by the lungs, liver, and 
kidneys, are bouglit and sold. What the muscle wants it 
buys from the blood ; what it has done with it sells back to 
the blood ; and so with every other organ and part. As long 
as life lasts this buying and selling is forever going on, and 
this is why the blood is forever on the move, sweeping rest- 
lessly from place to place, bringing to each part the things it 
wants, and carrying away those with which it has done. 
When the blood ceases to move, the market is blocked, the 
buying and selling cease, and all the organs die, starved lor 
the lack of the- things which they want, choked by the abun- 
dance of tbii^ for which they have no longer any need." — 
fetter. 

Hygieuie fiemftrks. — The blood flowing from any o^jan 
will have lost or gained, or both gained and lost, when com- 
pared with the blood which entered it. But the losses and 
gains in particular parts of the body are in such small propor- 
tion, with the exception of the blood gases, as lo'elude analy- 
sis for the most part} moreover, since the blood from all 
parts is mixed up in the heart, they balance one imoiher and 
produce a tolerably constant average. In health, however, 
the red corpuscles are present in greater proportion after 
a meal than before. Healthy sleep in proper amount also 
increases the proportion of red corpuscles, while want of it 
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diminishes their niimher, as may he recognized in the pallid 
aspect of a person who ha-s lost several nights' rest. Fresh air 
favors their increase. Ancemia is a diseased condition char- 
acterized by pallor due to deficiency of red blood corpuscles, 
and accompanied by languor cmd listlcssness. It is not unfre- 
quent in young girls on the verge of womanhood, and in per- 
sons overworked and confined within doors. It must be remem- 
bered that the oxygen-carrying power of the blood is usually 
reduced in even greater proportion than the redurlion in the 
number of red corpuscles would indicate. Since thereby the 
capacity for effort is correspondingly reduced, it is in)portant 
for aneemic pereoi)s to take only moderate exercise. . Fresh 
air and good food are the best remedies though medicines 
containing iron are often of great use. 

The dnantitf of Blood in tiio Body. — ^The total weight of 
the blood is about one thirteenth that of the whole body ; a 
man of average ^ze contdns about twelve pounds of blood. 

Ih« Kymph. — ^The blood lies everywhere in closed Aibes, 
and consequently does not come into direct contact with any 
of the body cells, except those which float in it aoA those 
which line the interior of the blood vessels. At two points 
in its course {/is cafSJariet of Htsues and cafiSlaries ofhingt), 
however, the vessels through which it passes have extiem^y 
thin walls, which permit the plasma to transude and bathe 
the various tissues. "Hie transuded plasma is called ^mpk. 
It oozes through the walls of the capillaries into the spaces 
between the cells of the tissues and thus becomes the essential 
means of nourishing the cells of the Wly. 

The lymph commonly contains all the elements of the blood 
except the red blood corpuscles, though these elements are 
not found, upon analysis, to be in the same proportions as in 
the blood itself. 
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to caxxy fresh food to the celb, again to be disined off 
through the lymphatic circulation. l*he exchanges of oxygen 
and carbon dioxide are chiefly by diffusion betireen the tissue 
and the blood, and do not depend upon the lymph. 

The total amount of lymph passing back again into the 
blood drcidation has been estimated to be equal to the total 
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bulk of the blood, that is, one thirteenth of the weight of the 
body. 

In consequence of the different wants and wastes of various 
cells, and of the same cells at different ti mes, the lymph must 
vary conuderably in composition in various oi^ns of the 
body. 

The Lymphatio Tenela or Ahsorheittt. — The cells of the 
body, except the compact layers of epithelium composing 
surfaces, are rather loosely arranged in the various tissues and 




temporary abiding place. Leading from these lymph spaces 
are delicate, thin-walled tubes, which join together 10 form 
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larger trunks. In the course of these trunks are sitnated knots 
or beads, called lymph ghmds, which are filled with cells re- 
senibliDg sonmwhat ihc white blood corptisdes. 
These glands are apparently for the purpose of 
supplying white corpuscles, and also of filter- 
ing the lymph and destroying, if possible, anjr 
foreign materials, sndi as bacteria, which 
may have been absorbed \trst& the tissues. 
The Ijroph trunks join together to form still 
larger trunks which finally empty as single 
trunks, one upon each side of the neck, into 
the subclavian veins. The walls of the lym- 
phatic tubes are exceedingly thin and the 
tubes themselves can only be readily found 
when they are distended with colored liquid. 
They are richly supplied with valves which 
allow the contents to flow only from the tissues 
toward the heart. 

Since the lymphatic vessels take up or 
absorb the excess of liquid drcuned from the F,a. 73.— vnivo 
blood and also the effete matters of the 
various organs, they are frequently called the aitorients. 

Lacteala, about which we have already learned, are the 
lymphatics of the small intestine (p. izs), but they are 
larger than the lymphatics of the rest of the system since the 
absorption into and drculation through them is much greater. 
The great lymphatic trunk which receives the lymph from 
the lower limbs and the food materiab absorbed from the in- 
testinal tract is called the thoracic duct and enters the left 
subclavian vein. 

Hiitolt^ of Lymph. — Pure lymph is a coloriess, watery- 
looking liquid ; examined with a microscope it is seen to con- 
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tain numerous pale corpuscles exactly like the white blood 
corpuscles. These are derived in large part from tlie blood, 
but also from the glands through which the lymph comes. 

Chemistry of Lymph. — ^Lymph is not quite so heavy as 
blood, though heavier than water. It may be described as 
blood minus its red corpuscles and considerably diluted, but of 
course in various parts of the body it contains minute quanti- 
ties of substances derived from neighboring tissues. 

flvmmary. — ^The lymph is a liquid in which the tissues of 
the body live ; it is derived from the blood, and affords the 
immediate nourishment of the great majority of the living 
cells of the body ; the excess of it is finally returned to the 
blood, vhich thus indirectly nourishes the cells by keefung 
up the stock of lymph. The lymph itself moves slowly, but 
is constantly renovated by the blood. The blood is \xpt in 
rapd movement by the heart, and besides containing a store 
of new food matters for the lymph, absorbs from it the gaseous 
waste products of the various cells. 
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THE ANATOMY OF THE CIRCULATORY ORGANS, 

The Orgftiu of CitonlatloiL ate tbe heart aod the Nood 
vesselt. There are two distinct systems oT blood vessels in 
the body, both connected with the heart ; one system carries 
blood to, through, and from the lungs, and is known as the 
pubnamtry: the other guides its flow through all the remain- 
ing organs, and is known as the sytlmic. 

Oenuttl Btatement. — Dining life the pumping of tlie heart 
keeps the blood flowing rapidly through the blood vessels ; 
these paths it never leaves except in cases of disease or injury. 

The blood vessels form a continuous system of closed tubes 
comparable in a certiun wajr to the water mains of a dty ; the 
heart corresponds to the reservoir, the great artery (aorla), 
with its branches, to the main aqueduct and branch pipes. 
The course of the blood differs, however, essentially from 
that of the water supplied to a city, since the blood is carried 
back to the heart. There is at any instant only a small 
amount in the heart, but this is steadily replaced by an inflow 
as fast as it is forced out. 

Qenwal Funotions of the Parti of the Clronlatory 871- 
tein. — ^Tiie blood system is closed * except at two points, one 

■ In t1ie f plt-en oiih' i~ Ihirc a bieiik In the continuily of the blood 
ves^ch. Tlie blitnl i-iiiiH'., Trom tbe open ends of the bloodvessels, 
flows ihruuijli :i lul.'^lI^l'<>I!> iiri[^5uE Celts, and re-enters the blood vessels 
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on each side of the neck, where lymph vessels pour the excess 
of lymph back into the veins. Valves at these two points let 
Ivmnh flow into the Wood vessels, but will not allow blood 
to flow out. Accordingly everything which leaves the blood 
must do so by oo/ing through the walls of the blood vessels, 
and everything which enters it must do the same, ex- 
cept matters conveyed m by the Ivniph at the points 
above mentioned. 1 his interchange through the walls 
of the vessels takes place only in the capillaries. The 
capillaries, though far the smallest tubes in the vascular 
system, are the really important parts. The heart, arter- 



'M{™rv™ii'«lfir"hl'. them known as veins. Thence the blood 
maiiesuj rcprocnici. pagg^ (i,e remaining chambeis (g 

and /), which have very muscular walls, and, by forcibly con- 
tracting, drive the blood out into communicating vessels (i 
and b) known as arleriei. The big arteries divide into 
smaller, these into still smaller (Plate IV), until the branches 
become too small lo be traced by the unaided eye. The 
smallest branches are the capillaries, through which the blood 




les. and veins are merely arrangements for 
keeping the blood flowing through the 
capillaries. It is while flowing through 
these and soaking through their walls 
that the blood does its physiological work. 

Biagram of the CiTculatory Organs. — 
i he general relationship of the heart and 
blood vessi^k may be gathered from the 
accompanving diagram (Fig. 74). The 
heart is essentially a bag with muscular 
walls, internally divided into four cham- 



bers (t/, g, e,/). The upper two (i/aiid 
e) receive blood from vessels opening into 
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ilows into the veins, w hii:h in lurn convey it back to the heart. 
At certain points in iho course of the veins valves are placed, 
to prevent a liack flow. 'I'his allerjiatiiig reception of blood at 
one end of the heart and its ejection from the other OCCUisin 
men about seventy times a minute diirinj; health. 

The Position of the Heart. — The heart (h. Fig. 4) lies 
in the chest, immediately above the aiaphragm and opposite 
the lower two thirds of the lireast Iwne. It is conical in form 
and lies with its base or broaiKT <:nii iiiriiiiii uuward and pro- 
jecting a little to the right of the sternum. Its narrow end or 
apex may be felt beating between the carriages of the fifth and 
sixth ribs to the left of the stetnum. The position of the 
heart in the body is, therefore, oblique. It does not, how- 
ever, lie on the left side, as is so commonly believed, but very 
nearly in the middle line, with the upper part inclined to the 
right, and the lower (which may be more easily felt beating — 
hence the common belief) to the left. 

The Perioardinm. — ^The heart is surrounded by a loose 
conical bag (pericardmm) composed of connective tisue and 
attached by its broad lower part to the upper surface of the 
diaphragm. The pericardium is lined by a smooth serout 
mmbrane like that lining the abdominal cavity, which is con- 
tinued over the heart itself and adheres closely to it. In the 
space between the pericardium and the heart is a small quan- 
tity of liquid which moistens the contiguous surfiices, ahd 
thereby diminishes the friction which would otherwise occur 
during the movements of the heart. 

Note. — Sometimes, es|)ecially in rheumatic fever, the peri- 
cardium becomes inflamed (pericardilis) . In the earlier stages 
of this inflanunatlon the rubbing surfaces on the outside 
of the heart and the inside of the pericardium become rough- 
ened, and their friction producesa sound which can be heard. 
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In klcr slagLii great qtiantities of li(]iiid may accumulate 
in the pericardiimi and sLTiously impede the heart's l)eat. 

The Cavities of the Heart. — On opening the heart (Fig. 
74, ]i. 164) It ih rmiiid lo lie divided into completely separate 
right and left halves by a longitudinal partition (septum) which 
runs from about the middle of the base to a point a little to 
the right of the apex. Each of the chainl>ers on the sides of 
the septum is divided transversely into a thinner basal portion 
into which veins open (auricle) and a thicker apical portion 
from which arteries arise (veniricte). The heart cavity thus 
consists of a right auricle and ventricle and a left auricle 
and ventricle, each auricle communicating with the ventricle 
on its own ride by an, auriculo'venlricular orifice. There is 
no direct communication through the septum between the 
opposite ^des of the heart. To get from one side to the other 
the blood must leave the heart and pass through a set of 
capillaries, as may readily be seen by tracing the course of the 
vessels in Fig. 74. 

Tlu T«iiftU Oooneoted with the Different Chamben 
of the Heart. — One big artery, called the agria, springs from 
the left ventricle. It runs down to the pelvis, giving off 
many branches on its way, and then divides into two arteries, 
one going to each side, which by their branches supply 
pelvis and legs. 

Its big branches divide into smaller and these into still 
smaller and spread throu^ the whole 'body, to muscles, 
bones, skin, brain, stomach, intestines, liver, Udneys, etc., 
until they finally end In the systemic capillaries, l^ie sys- 
temic veins collect the blood from the capillaries of the differ- 
ent organs, and unite to form the upper andlower hollow veins 
(the js/^rror and inferior vena: cava). These carry the blood 
to the right auricle ; thence it enters the right ventricle from 



SUMMARY. 



which arises one vessel, lie pulmonary arlery. The pulmonary 
^ery divides into two branches, one for each lung; each 
branch splits up i nto luinute 



which end in the 



blood of each luntr is col- 
lected into two pulmonary 
vemt. ivhich open into the 
lefi auricle. 

Bnmmazy. — One artery, 
the aorta, anses from the 
left ventricle. The blood 
earned out by the aorta 
passes through the capilla- 
nes in the tissues, returns 
by the upper and lower 
vente cavte to the nght 
auricle, goes to the right 
ventricle. and thence ,.. t^wn ^"^'b™ cu 

rhrough the pulmonary ^i'jffri^rei-r'.^l^of'.V.Tui.™"'^ 
artery TO the lungs. The i-na'. - p^"™--ih' ---'lw«'B?^i 

blood, carried by the pUl- fami Ihe'n'ru'aVa li^uVllV™'tri| 

monary artery from the pEocS'i ™ifiht mrioS^VM™^^ 

■u^nra (A the tif^t or 




rightventricleoftheheart, 
passes through the capil- 

laries of the lungs, returns to the left auricle 1^ the pul- 
monary veins, enteis the left ventricle, and begins its flow 
again through the aorta. 

How the Heart is Nonrialied. — ^The heart is a hard working 
org[an, and needs an abundant supply of nourishment ; accord- 
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iBgly its nails arc ]ieniieated liy a very close network of 
Ci^illary blood vessels. The blood enters (Fig. 76) through 



Sp 




then£;lit>»id left iw-anii^ia^ifr (t]ie;firgt two branches'^ 
the aorta) and leaves by the eoroaary vetm,. wluofa eany it 
to the jif^t aunc1& 



AURICULO-VENTRICUI./IR yAiVES. 



THa Auriculo-Tentriei 



the opening between uii,* 
Their unattached edges n 

it IS Di^iiiL' 11111:1:1 ;L11([ tlilV 



are attached to muscular ele 
(^Mpm and ^fph on the interic 

posiuon and thus to closc the 
ventncle. The incuspia vawt 
three flaps insiead 01 iwo. 

Semiluaar ValveB. — ^Thesc ; 
mouth of the aorta CFie. ■;61, 

ened dv us longer edge, with 1 
the heart. When the valves a: 
across the vessel and prevent blood from flowing back into 

the ventricle. 

The Conrse of the Main Arteries of the Body (Fig, 77). 
— The aorta after lenviny the loft ventrick- iiialies an arch 
(oa) with its convexity towards the head. From the begin- 
ning of this arch arise the coronary arteries, which carry 
blood into the walls of the heart. From ihe convexity of 
the arch spring three large arterial trunks, the innominaie, the 
/e/7 common carotid (cf), and the !e/i tu6claman (sn'). The 



: closed, their free edges meet 
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innominate artery soon divides into the right tubclavian (srf) 
and the righl common carotid (ci/). Each common carotid 
runs up the neck on its own side and divides into branches 
for the neck, &ce, scalp and brain. ILach subclavian gives 
off a branch, the vertebral artery, which passes to the b.ain 
thnwgh the transverse processes of the cervical verCebrEc 
(Figs. 13 and 14, p. 35). The main branch o( Che sub- 
clavian continues across the arm pit as the axillary artery 
(ajc) and then runs toward the elbow as the brachial artery 
(b). Just above the elbow it divides into the radiai and 
ulnar arteries (r, u), which supply the foic-arm and end in 
small branches for the hand. 

Beyond its arch the aorta runs close to the spinal column 
as the thoracic aorta (a/), which gives off branches to the 
walk and some of the organs of the chest. The vessel then 
passes through the diaphragm, and continues as tiie abdomi- 
nal aorta {Kab) to the lower part of the abdomen. The main 
branches of the abdominal aorta are: (i) the caliae axit, 
which divides into branches for the stomach, liver, and 
spleen; (a) the upfier and lower mesenteric aiieriet, which 
supply the intestines with blood ; (3) the renal ar/eriei (k), 
which supply the kidneys. 

The two trunks into which the posterior end of the ab- 
dominal aorta divides (^i).are the common iliac arteries. 
Each gives off branches in the pelvis, and then continues 
along the thigh as the femoral artery (<7) ; this runs to the 
knee joint, behind which it is called the pojiliteal artery (Po). 
The popliteal artery divides into the peroneal {Pe) and t^'al 
(Ta, Tp) arteries, which supply the lower leg and the foot. 

The FroperttH of the Arteries. — ^Two fundamental fiicts 
must be borne in mind in connection with the arteries: 
Jtrst, that they are highly elastic and extensible, much like a 



Digilized by GoOgle 



i.ii3iii;ed By Google 



EXPLANATION OF PLATE IV 



Thb Cieculatokv Okcahs. 

The attertei (except the pulmonaiy] utd Uie left side <£ ttie heart 
are colottd ted; the veins (excq)! the pulmonary] and the right half ol 
the heart blue. On the limbs the leftside the arteries are omitted and 
oa\y the superficial veins are shoim. 

, nt»I itlDrisia from lie left yentricte of the he»n. 



3. ntdiilHtcrr. 

4. Temporal vtery. 

J. Right tide o[ bait, Hitli Bupsrior re 
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piece of rubber fiibiiig of Ihc same size; second, that they 
have rings of muscular tissue in their walls. When these 
contract, the here of the artery, and consequently the amount 
of blood which flows through it, is diminished. When they 
relax, the bore of the artery is increased, and more blood 
passes along it to the capillaries. 
Tfafl CaplllaiiM. — ^The smallest arteries {arterioles) pass 




into the capillaries, which have very thin walls, and form a 
dwe network in all parts of the bodj-. The average diam- 
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eter of a capillary vessel is so small that only one or two 
blood corpuscles can pass through it abreast, and in many 
parls the capillaries lie so close together that a pin's point 
cannot be inserted between two of them, as, for example, in 
the deep layers of the skin, which cannot be pricked without 
drawing blood. Their immense number, hoivever, much 
more than compensates for their size. It is vhile flowing in 
these delicate tubes that the blood does its nutritive work, 
for here only can the liquid containing nourishment exude 
from the blood through the thin walla to bathe the various 
tissues. Imagine a crumpled mass of the flnest lace, with all 
its threads consisting of hollow tubes, and diminished twenty 
times in uze, and you will have some idea of the size and 
richness of distribution of the capillaries. 

The walls of the capillaries are formed of a ungle layer of 
Sat cells and are really a continuation of the lining membrane 
of the arteries, veins, and heart, which thus becomes con- 
tinuous throughout the circulatory system with the exception 
of the spleen. 

The Telns. — The smallest vrins arise from the capillary 
network and unite to fonn larger and larger trunks. One of 
these usually runs along witli the main artery of the part, but 
there are ordinarily several other la^ veins just beneath the 
slcin. This is especially the case in the limbs, the main veins 
of which are superficial, and can in many persons be seen as 
faint blue lines. The walls of the vdns are ^milar in 
structure to those of the arteries, except that they are 
thinner. 

Vfhj tbfl la^a Arteries vmallj lie deep. — The heart 
pumps the blood with great force into the arteries, and when 
an artery b cut very rapid and dangerous bleeding occurs ; 
the veins, if cut, do not bleed nearly so violently as an artery 
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of the same size. Hcnrc it is less dangerous to have a lai^ 
vein than a lai^e artery close under the slcin. 

The TbItm of the Teini. — Except the pulmonary artery 
and the aorta, which have the semilunar valves at their ori^n, 
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the vessel, and meets with no obstnictioa from it. Should 
any bacic flow be attempted, hawerer, the current closes up 
fl the valve and bars its own passage 

c ^^^^^^^^^ H (lower figuic). These valves arc most 
numerous in superficial veins and those 
° of muscular parts. They 'are found 

^ ,r =d^^^ " " especially where two veins join. 
toM°h/°iS^'^^iim oi'lht ^^"^''^ *^ * 

!;S,T^/SJ'^"S?L"!»PP°'"^ * ™'™' ^""^ hence in parts 
where the valves are numenws has a 
knotted look. On tying a cord tightly round tlie forearm, 
so as to stop the flow in its subcutaneous veins and cause their 
dilatation, the points at which valves are placed can bR recog- 
nized by their swollen appearance. 

Nie Contie of tlw Blood. — From what has been said it is 
clear that the movement of blood is a eirciUation^ Start* 
ing from any one chamber of the heart it will in time return 
to it ; but to do this it must pas through at least two sets of 
capillaries, one of which is connected with the aorta, and the 
other with the pulmonary artery. In this circuit the blood 
returns to the heart twice; leaving the left side it returns to 
the right, and leaving the right it returns to the lefl There 
is no road for it from one side of the heart to the other except 
through a capillary network. Moreover, it always leaves 
from a ventricle through an artery, and returns lo an auricle 

There is then really only one circulation ; but it is not 
uncommon to speak of the flow from the left side of the heart 
to the right through most of the body as the systemic or 
greater circulalion, and of the flow from the right to the left 
through the lUngs as the pulmonary or letter drculaliatt. But 
since, after completing either of these, the blood is not ag^n 
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poured into the inferior vena cava, which carries it to tiie 
right auricle, so that it has still to pass through the pulmonary 
capillaries to get back to the left side of the hcarl. The 
portal vein is the only otie in the hnnian body which thus 
like an artery feeds a capillary network. The linw from tlic 
stomach and intestines through the liver to the inferior vena 
cava is often spoken of as the porkd drcuhilinri. 
Diagram of the Circulation.— Since the m o kilvcs of the 



heart, although placed 




conveniently represent the 
the blood as in the actoi 
diagram (tig. 84), in w 
right and left halves of the 
represented at different jjoii 



lother 



. in the 



diagra 



makes it clear that the heart is really 
iM-o pumps ivorknlj; side liv side, 
each engaged in fori:ing liiood to 
the other. Slardng from the left 
aiiriele (In) we traie the How 
through the left veii(ni;le. ;dong 



llu' l>r,i 



nf t 



I the 



through Ihc systemic veins {vc) into 
the right anri.le (n;), iheiice into 
Ihe right ventricle (rr ), through the 
pulmonary artery (Jxt) to ihe lung 
capillaries (^pc) along the pulmonary 
veins ( pf) to the left auricle, into the left ventncle (hi), and 
again into the aorta. 
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Arterial and TenouB Blood. — The blood when flowing in 
the pulmonary capillaries gives up carbon dioxide to the air, 
and receives oxygen from iL Since its coloring matter 
(tuemoglobin) forms a scarlet corapound with oxygen (_oxy- 
hemogloiin), the blood which flows to the left auricle through 
the pulmonary veins is bright ted. This color it maintains 
until it reaches the systemic capillariee, when it loses oxygen 
and becomes dark putple because of the excess of the darker 
colored heemoglobin. In the longs the hemoglobin becomes 
Bgun oxidized. The bright red blood, rich in oxygen and 
poor in carbon dioxide, is known as "arterial blood," and 
the dark red as "venous blood." It must be borne in mind 
that the terms apply to the character of the blood, and that 
the pulmonary veiitt contain arterial blood, and the pulmonary 
arteries contain venous blood. The change from arterial to 
venous takes place in the ^stemic capillaries, and from 
venous to arterial in the pulmonary capillaries. 



CHAPTER XV. 



The working of the heart and blood vessels. 

The Beat <d tlie Heart commences as a contraction or the 
mouths of the *rim which open into the auricles. This con- 
traction runs over the auricles, and is immediately taken up 
by the ventricles. The auricles relax the moment the ven- 
tricles start their contraction. Having finished their contrac- 
tion, the ventricles begin to dilate, and then for some time 
neither they nor the auricles contract, but the whole heart ex- 
pands. The contraction of any part of the heart is known as 
its tys'/o-Uf and the relaxation as its di-ailo-le. Since the 
two sides of the heart work synchronously, the auricles to- 
gether and the ventricles together, we may inscribe a whole 
cardiac period or "heart beat " as made up successively of 
auricular syslole, veiUricular systole, and pause. In the pause 
the heart is soft and flabby, but during the systole it becomes 
hard and so diminished in size that the ventricles are entirely 
emptied. 

Tlie Cardlae Anpnlie. — The human heart lies with its apex 
touching the chest wall between the fifth and sixth rite on 
the left ^de of the breast-bone. At every beat a sort of tap 
known as the cardiac impulse, or <^ex beat, may be felt by 
placing the finger at that point. 

ISO 
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and narrow them ; Ihe rck\ed ventricles opjiose little 
resistance, and hence the auricles send most of the blood into 
the ventricles and but little back into the veins. When the 
auricles cwse their contraction, the filled ventricles contract 
and liy their pressure on the blood within, completely close 
the auriculo-ventriciilar valves. The blood in each ventricle 
is now imprisoned between the auriciilo-ientrienlar valves 
behind and the semilunar valves in front. The former cninot 
yield on account of the chorda: tendine^ fi\cd to their cdj^es; 
the semilunar valves, on the other hand, cim open out- 
ward from the ventricle and let llie blond ]>ass on, but 
they are kept tightly shut by the ]jressure of the blood in 
the aorta and pulmonary artery. The contracting ventricle 
tightens its grip on the blood. As it squeezes harder and 
harder, its pressure on the b'ood becomes greater than the 
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pressure exerted on tile other side of the valves by Ihe blood 
in the aorta, the valves are forced open, and the blood begins 
to pass out. The veiilricle continues to contract uatil it has 




Eoiolei. — ^In order that the contract- 
ingventiicles may Dot Force blood back into the aurides, it is 
essentiBl that the flaps of the mitral and tricuspid valves be 
held together across the openings which thef close, and not 
be carried back into the auricles. If they were like swinging 
doors and opened both ways they would be useless; they 
" "e an ordinary door as only to open in one 
from the auricle to the ventricle. At the 
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commencement of the ventricular systole this is provided for 
by the Lhord;i; teiuline*, which are of such a length and so 
arranged as to kee|) the valve llsjis shut ai.ross the opeLilng, 
and to maintain their edges in coiilai:!. ISiit, as the contract- 
ing ventricles shorten, the chotdK tendins^^e would be slack- 
ened and the valve flaps pushed. u]> into Ihi' .riricle, did not 
the little papillary muscles prevent this, lly slujrli'niiig as 
the ventricular systole proceeds, they keep tlie churd;H taut 
and the valves closed. 

Sonnds of the Heart,— If the ear is placed on the chest of 
another person over the heart region, two distinguishable 
sounds will be heard during each round of the heart's work. 
They are known fesi>ectively as the ^ril and secatiJ sounds of 
the heart. Tlie first is of lower pitch, lasts longer and is less 
sharp than the second. Vocally their character may be toler- 
ably imitated by the syllables lab, dap. ITie cause of the 
second sound is the closure of the semilunar valves. The first 
sound takes place during the ventricular systole, and is prob- 
ably due to vibrations of the tense valve flaps and the ven- 
tricular wall. In many forms of heart disease these sounds 
are modified or cloaked by additional sounds due to the 
roughened, narrowed or dilated cardiac orifices, or to the 
inefficiency of the valves. A physician often gets important 
information as to the nature of a heart disease by studying 
ihese new or altered sounds. 

FnnotioD o£ the Auriolei. — ^The ventridcs have 10 do the 
woric of pumping the blood through the blood vessels. Ac- 
cordingly their vails are far thicker and more muscular than 
those of the auricles; tiie left ventricle, which has to force 
the blood over most of the body, is stouter than the right, 
which has only to send blood around the comparatively short 
pulmonary circuit. The circulation of tb? blood is, in fact, 
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maintained by the ventricles, and one may be led to inquire 
what is the use of the auricles. During the pause of the heart 
the blood iloivs on through the aurii'lcs into the ventricles, 
which are already nearly full when the auricles contract ; this 
contraction merely completes the filling of the ventricles. 
The main use of the auricles then is to aJTord a reservoir into 
which the veins may empty while the cohipaiatively slow ven- 
tricular contraction is taking place. 

The Work Done Daily by tlie Heart. — ' ' The ' work done ' 
by a contracting mliscle is expressed by the heighl to which a 
weight is raised. In the case of the heart, the weight raised 
is the amount of blood contained in the ventricles; the height 
to which that weight would be raised is the height of intra- 
ventricular blood -pressure during systole. From these dala it 
is easy to calculate the ■ work ' done ar each svstole. and 
knowing the puise-ireouencv, the average per hour or per day 
is aiso known. Aamiccmg lor the len venmcie an average 
discharge of 120 grams, ana a systolic pressure 01 2 meters, 
tin: worK iinni: ;u eai n i:onirai:iion win amount to i iTiani- 



maKing up a total 01 200 grammeiers or \ kiiogrammeier as 
the work done uv the heart ai eacn oeat. vviih a puise- 
[reuneni-v (ii 72 iier luinuw uiis wouiu .'iiiioiiiu 10 fto.i utrir. 
i>er iioiir. ur more in^Mi 20.000 lujiii. hit <iii'm. 1 iie wnuie 
01 thLS energy is expendeil in the lioay, partly 111 overcoming 
resistance in the v^i^cuuir sisicm, aim iianiv inuisionned into 
and discharged as iiL-aE ; m iius lorni me LOiuiiu [ions of the 
heart vieid aoout ■j' tii 01 ine total daiiv iie:ii Droauttion."— 



l! a man weighing 105 pt 
feet high the muscies of his 
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his journey, and yel in lifting his body that height they have 
done only as much work as his heart does every day without 
fatigue in pumping his blood. 

No doubt the fact that more than half of every round of 
the heart's activity is taken up by the pause during which its 
muscles are relaxed and its cavities tilling with blood has a. 
great deal to do with the patient and tireless manner in which 
it pumps along, minute after mmuie. hour after hour, and dav 
after day, fmiu iiirLn ii> iiiiiLLn. 

During tl 



beat is much more rapid, it has less time to rest and is liable 
to become exhausted by overwork with insufficient recupera- 
tion. 

The Vemi of the Heart. — The beat of the heart is due 
to the contraction of the muscle fibres making up its wall. 
This contraction is caused by nervous impulses received from 
nerve centres, as will be explained later. These nerves (in- 
trinsic heart nerves) are in close connection with the muscle 
fibres and tend to cause them to contract regularly and some- 
what rapidly. Their influence is modified I))' z sei:onil set of 
nerves (^pneumogaslrtc, or vagus') which tend to make the 
heart beat more slowly, that is, to inhibit the action of the 
intrinsic nerves. A third set {accekrator) have apparently 
the power of quickening the heart's action. 'I'he rate and 
strength of the beat at any time is due to an involuntary 
balancing of the influences of the first two sets (and possibly 
the third) to meet the body's needs. The n<;ed of oxygen 
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active work iiunuir oiiiv cmrii. iionrs o 
rests during 

period of contraction changes out iiti 
croaching upon the resting time. In 
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has the chief influence in modifying the heart's beat, as will 
be seen under resiiiration. 

The Puhe,— When the left ventricle of the heart contracts 
it forces on about 120 grams of blood imo the aorta, which, 
with its branches, is alread)' full of blood. The clastic 
arteries are conscijiicntly strelc hcd liy the extra blood. This 
dilatation of an artery following l'ScIi beat of the heart is 
called Ihe pulse. It is best felt on arlcrira ivhith lie near the 
surface of the body, as Ihe radial arkry, near the wrist, and 
Ihe temporal artery, on the brow. 

Hcfore the ncit heart beat occurs, the arteries by Iheir 
ela.stitily have forced ihrou'rh the <-.-ijiillarje,'i as iiiiich blood 
as the .lorla rci <:\\i'\ (liiriii:^ ilic ]irvi utlin^' ventricular systole ; 

])ieee of riil.ii^r UiMnj; uilh a simill I.oIl ij. il, >ihcii overfilled 
with wiiter, grariually c;oliai>se^ as llie "alL-r tlows out of il. 
The next beat of Ihe heart agniu overfills ami evpallds the 
arteries, and so on. Tluis at each lieiirt beat there is a dila- 
tation of the arteries due to the blood sent into them from 
the vcnlricle, and between each beat there is a partial 
cni|>tying of the arteries, due to their forcing some of their 
conleiits into the c-a|iillaries. 

What may be learnt from the Puhe. — .Since the pulse 
is dependent on the heart's systole, " feelinj; the pulse" gives 
a convenient means of conntiiig the rate of the heart beat. 
To the skilled touch, however, it tells much more ; as, for 
example, a readily com]>ressible or "soft ]julse " shows that 
the heart is not keeping the arteries pro]n rly filled with blood ; 
a tense and ri^id or " liard pulse'' indicates tiiat the heart is 
keeping the arteries excessively filled, and tii working loo vio- 
lently. In healthy adults the pulse rate varies from sixty-five 
V> eeventy-five a minute, the mpst cgmmon rate being seventy- 
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two. In thi; same individial it is faster when standing than 
when sitting, and when sitting than when lying down. Any 
escrcise or excitement increases its rate temporarily. A sick 
person's pulse should not therefore he felt when he is nervous 
or excited. In children the jnilse is quicker than in adults, 
and in old age slower than in middle life. 

The Flow of the Blood in the Capillaries and Veint.— 
The movement of tlie blood from the heart is intermittent, 
coinciding with each systole of the vcmrieica. Before it reaches 
the capillaries, however^ this rhythmic movement is trans- 
formed into a steady flow, as may readily be seen by examin- 
ing with a microscope thin transparent parts of various animals, 
e.g. the web of a frog's fool, a bat's wing, or the tail of a 
small fish. In consequence of the steadiness with which the 
capillaries supply the veins the flow in them is also unaffected 
by the beat of the heart. If a vein is cut the blood wells out 
uaiformly, whereas a cut artery spurts out in powerful jets 
which correspond with the contractions of the ventricles. 

The Ciroolation of the Blood as Seen in the Vio^'b 
Web. — There is no more fascinating or instructive spectacle 
than the circulation of the blood in the thin membrane 
between the toes of a frog's hind limb as seen with the micro- 
scope. Upon focusing beneath the outer layer of the skin, a 
network of minute arteries, veins, and capillaries, with the 
blood flowing thraugh them, comes into view (Figs. 84 and 
86). The arteries are readily recognized by the &ct that the 
flow in them is fastest and from larger to smaller branches. 
The smallest end in a capillary network, the cbanneU of which 
are all neatly equal in size. In the veins arising from the 
capillaries the flow is from smaller to larger trunks, slower 
than in the arteries, but laster than in the capillaries, 

Tli^ Blood fl^t moqt slowly in the Capillarie* becaus; 
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their uuili'd -.mix i-, iiiiiiiy liiiirh nrL^ilt-r th;::! Iii;it uf the 
arteriw su|i|)lyinn lliLnii, lh:il llic s,uin: <[Miiiitity of blood 
fiowitiy tliroiijih thfin in ^ j;i\eii Uiiii; has a wider thanilel to 
floiv ill. The ;l^;^;^OKatL• ;irea of the veins is smaller than that 
of the capilkirios, bui greater than that of the arteries ; there- 
fore ihc rale of niovi^Liiciit in them is ititeniiediatc. 

If the agh'^L'^ate areas of all IhL- hranrhrs of the circulatory 
system were taken, beginning at the origin of the aorta, we 
should have a double eoni;, as represented in Fig. 87. Start- 
ing at the beginning of the aorta we have a tube one inth in 
diameter, which gradually expands because of the increased 




aggregate tapauity of the arterial branches niiiil the capillary 
region is reached. Here there is a smliien (j\p.in..n)n to a 
tube ai)pro>;inialely two feet in diannlir. I lieri' now a 
rapid and then a gradual reduction in si/i.' n[ilil the liiln' rep- 
resenting the vena; cava: has a diameier of two inches. Just 
OS water forced in at a narrow end of this tube would flow 
quickly there, slowly at the widest pari, and more quickly 
again where it pa>.sed from the other narrow end, so the blood 
fluivs rapidly in the aorta and the ven;e eava:, :: and slowly in 
• A good illustration taken from ph^siml i:c,.grdiiliy ib alToRle.i hy 
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the capillaries, which, though thousands of limes smaller than 
the great arteries and veins, are nijUions of times more nu- 
merous. 

Why that li no Pnbe la tlie Capillariei and Veini. — 

The disappearance of the pulse in the arterioles has two 
causes, (i) the elasticity of the arteries and (3) the ledst- 
ance offered to its flow by friction is the smaller vessels. 

On account of this friction the larger arteries have diffi- 
culty in sending blood through them ; it therefore accumu- 
lates in the aorta and its large branches and stretches their 
elastic walls. The stretched arteries press constantly on the 
blood within, and keep squeezing it through the arterioles 
into the capillaries, both during systole and diastole. The 
heart, in fact, keeps the big elastic arteries over-distended 
with blood, since before they have had time to lose their 
grip on the blood within, another systole occurs and fills them 
up tight again. As the arteries are thus always stretched and 
always pressing 011 the blood, the capillaries receive a steady 
supply and the flow through them is uniform. This even 
capillary flow passes on a steady blood stream to the veins.* 

the Late of Geneva, In Switierlaiiil, Tliii is supplied at one end by a 
river which derives Its water from iIh- nu'ltitii; )4.Li[erF of some of the 
Alps. From Its other end the vniu-i- i~ i>iri k-d uir l>y ihe river Rhone.' 
In the comparatively narrow iiiflowi]ig ;iiiil oul>lou iiig rivers the current 
Is rapid ; In the wide bed of the lake it is much slower. 

* Every inch of the arterial system may, in &ct, he coniideied a* 
converting a sniall fraction of the hearfs jerk Into a steady pressure, 
and when all Ibcse fractions are summed up together in the total length 
of the ATlerial syslem no trace of the jerk is left. As the ellect of each 
systole beconieB diminished in the smaller vessels by the causes above 
mentioned, lliat of this constant pressure becomes more obvious, and 
gives rise lo a steady passage of the fluid from the arteries towards the 
veins. In this way, in Sict, the arteries perfi)nn the same functions as 
the air-reservoir of a lire-engine, which converts the jerking impulse 
given by the pumps Into the steady 'flow of the delivery hose." — 
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Tlu Olijeot of hftvii^ no Fnlu in the Caplllulei Is to 

diminish the danger of their rupture. As we have seen, liq- 
uid has to ooze through their walls to nourish the organs of 
the body, and wastes from the organs must get to the blood 
that they may be carried olT, Their walls have therefore to 
be very thin, and if the blood were sent into them in sudden 
jets at each heat of ilie heart, tney wouia run much risk of 
being torn. 

The Uniolei of the Arteries. — The arteries have rings of 
plain muscular fibre in their walls ; when these contract they 
narrow the artery, and when they relax they allow it lo widen 
under the pressure of the blood in its interior. The vessel 
then carries more blood to the capillaries of the organ which 
it supplies. Blushing is due to a relaxation of the muscular 
layer of the arteries of the lace and neck, allowing more blootL 
to flow to liie skill. 

Why the Arteries have Muscles, — llie amoiuit of blood 
inthebodv is not sufficient to alloiv a ftill sircam of blood; 
through all ili> orL'.ms at one tunc, 1 he iniiicular fibres con- 
trolling the diameter of the arteries are used to regulate thc- 
blood flow m sui h a manner that parts hard at work shall get 
an abundant supply, and parts at rest shall get just enough toi 
keep them nourished. Usually when one set of organs is at 
work and its arteries dikteil, others arc at rest and their ar- 
teries contracted: for e.Nampk', when the brain is at work, its 
vessels are dilated and often the whole head flushed; when 
the muscles are exercised, a great portion of the blood of the 
body is carried off to them; during digestion, the vessels of 
the alimentary tract are dilated and absorb a large share of 
blood. 

This control of the amount of blood which any organ re- 
ceives is accomplished by nerve control through the branches 
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of the syni[)alheli(: syslem u|)oii llu; muscle fllircii in tlic walls 
of lliL' attcriok's. Thf^i: braiichos are l alltd riiso-mv/or iien.es 
and the control k f.allud vaso-motor action, t'onlraction of 
the arteriole ivalls is -Mso-cnm/nduyji, and r.-laiation of walls 
vaso-ilittilalioii. A'aso-niolor action makes it possible to give 
any organ the amoviiit of blood il needs at any lime without 
calling upon the heart for e\tra work. 

We can therefore understand how hard thoufjht or violent 
evercisc soon after a meal, by diverting the blood from the 
abdominal organs, is apt to produce an attack of indigestion. 
Young persons whose orj;:ms have a suiHTabiindanee of energy, 
which enables them to ivork inider unfavorable conditions, 
are less apt to suffer in aneh ways than their elders. One sees 
boys running about after eating, when older people feel a 
desire to sit quiet or even to sleep. 

Exposure to Cold. — Prolonged exposure of the snrfare to 
cold is very apt to be folloived by a catarrlial condition of the 
mucous membranes of the nose, throat, liuigs, or intestines 
(diarrhoea). SuQimer diarrhcea is more often due to a chill 
of the surface than to the fruits eaten. The best preventive 
is to wear, when exposed lo sudden changes of temperature, a 
woollen garment* over the trunk of the body ; cotton and 
linen permit any change in llie external leiu|jeratlire to aet 
almost at once upon the skin. AfLur an '.mw oiekible exposure 
,to cold or wet, the thing to be done of LOiuve to maintain 
the cutaneous circulation; movement sl-.wulil be persisted in, 

and consequent diarriicea. This hn,s comu in I.l' kiiuii-n ns a diulcrs belt, 
since i( has been credited with cDnsideobie inilucticc in reducing the 
frequencf of severe attacks uf diarrhiea, which is one of the moat easily 
tcci^iiized symptoms of cholera. 



THE HUMAN BODY. 



and a thick dry outer covering put on until warm and dry 
underclothing can be obtained. 

In healthy persons, a temporary exposure to cold, as a 
plunge in a bath, is good, since in them the sudden contrac- 
tion of the cutaneous arteries soon passes olT, and is succeeded 
by a dilatation causing a warm healthy glov on the surface. 
If the bather remains too long in cold irater, however, this 
reaction passes off and is succeeded by a more persistent chil- 
liness of the surface, which may last all day. The bath 
should tliereforebe left before this occurs; but no absolute 
time can be stated, as the reaction is more marlced and lasts 
longer in strong persons and in those used to cold bathing 
than in otheis. 

It is undoubtedly true, however, that many persons who 
attempt to take daily cold baths fail to get a warm reaction 
and are physically depressed rather than stimulated. Others 
who have a tendency to neuralgia or rheuroaiisiu may have 
these conditions aggravated by such exposure to cold. It is 
much wiser for these persons to take tepid or warm baths. 



CHAPTER XVL 



THE OIIJECT AMD THE HECHAMCS OF RESPIRATION. 

Tlie Oltjeet of Beqtiration. — Blood is reneved, as far as 
food materials are concerned, by substances either directly 
absorbed by the blood vessels of the alimentary canal, or 
taken up by the lymphatics of the digestive tract and after- 
wards poured into the blood. In order that energy may be 
set free (Chap. Vni), oxidations must occur, necessitating a 
constant supply of oxygen. Waste substances are thus pro- 
duced, which are no longer of use to the body, but detrimen- 
tal to it if present in large quantity. The most abundant of 
these wastes is carbon dioxide gas. 

The function of respiration has for its object (t) to renew 
the supply of oxygen in the blood, and (a) to get rid of the 
carbon dioxide produced in the different organs. 

The Bespiratory Apparatus consists primarily of two elas- 
tic bags, the luiigs, placed in a cavity with extensiblt walls, 
the thorax. They are filled with air and communicate by air 
passages with the surrounding atmospliere. In the walls of 
the lungs the cajjillary blood Missels form a very close net- 
work. Through ihL'ir walls the blood receives oxygen from 
the air and gives in return carbon dioxide. The air in the 
lungs consequendy needs renewal, since otherwise it would 
soon have no 0]^gen to give to the blood, and would become 

IQ3 
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so loaded with carbon dioxide that it could no longer receive 
it from the lilood. This renewal is elTcclcd by s. system 
of muscles, hones, and carlilages ivhich ro-(i|)erale to bring 
about that alternatinft cN]tansion and conltaction or the chest 
which we call hreathing. When the chest contracts, air 
poorer in oxygen and richer in carbon dioxide is expelled 
from the Inngs ; wlipn it expands, fresh air, rich in oxygen, 
and containing hardly any carbon dioxide, is talcen into them. 
The respiratory organs are (i) the lungs; (j) the air pas- 
(3) the vessels of the pulmonary circulation, including 
the pulmonary artery bringing the blood to the lungs, the 
pulmonary capillaries carrying it through them, and the pul- 
monary veins conveying It from thetn ; (4) the muscles, 
bones, and cartilages concerned in producing the breathing 
movements. * 

The Air Fassages. — Air reaches the pharynx through the 
nose or mouth (Fig. i). On the ventral side of the pharynn 
{Fig. 46) is an aperture through which it passes into the 
larynx or voice-tox {a, Fig. 88), which lies in the upper 
part of the neck. Frcm the larynx air passes on through the 
windpipe or irachea, which enters the chest, and in the upper 
part divides into a right and a le/} Sroncius. Each bronchus 
entersa lung, and divides in itintoa vast number of very small 
tubes, called Che hronckiaj tubes. The last and smallest bron- 
chial tubes {a. Fig. 89) open into subdivided elastic sacs 
(i, c) with pouched walls. 

Struotnre of the Trachea and its Branches. — T\\e trachea, 
bronchi, and bronchial tubes are lined by muc:ous membrane, 
outside of which is a supjjorting stratum composed of connec- 

■ Tn !hi-.:- •.(loiiWli.- aiklf.l (5) ihe nerve cenlres and nerves vrhlchoon- 
inil iliL- iiiu'lIl'^ 'ii R'spir^ltuii, and nrhlch will be eubiequently COD- 
tidertJ Cli.ip. XX). 
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tive and plain muscular tissuee. Their walls also contain 
incomplete rings of cartilage which keep them open. Below 
the larynx the stiff windpipe passing down to the top of the 
chest may readily be felt in thin peisons. 

Tlie Cilia of the Air Faiiagai.— The mucous membrane 




of the tracheaand its branches, except the smallest, has a layer 
of ciliated cells on its surface. Each of these cells has on 
its end turned towards the cavity of the lube a tuft of from 
twenty to thirty slehder threads which are in toiistaiit motion ; 
they lash forcibly toward the throat, move gently bacl; again, 
and then once more violently toward the outlet of the air pas- 
sage. These moving threads are called ct^. Swaying in the 
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mucus secreted by the membrane which they line, theysmcp 
it on to the larynx, where it is coughed up. 

Imagine a man rowing in a boat at anchor. The sweep of 
the oars will drive the water back and not the boat forward. 



Fic 90.— The tiacbea, tnnt. k, byoM bons; If, tbyroU cudlasei e, cticoMt t, 
ci^lkHili: (r, incba; «ud y, bnuhl. 
fia. gi,--C[Uu«] (nxii the eidlheliun. 

in quantity and character. The swelling and secretion tend 
to dose the tubes and interfere with the free passage of air in 
breathing. 

The Lnngi consist of the bronchial tubes and thdr terminal 
dilatations, together with blood vessels, lympliatics, and 
nerves, all bound firmly together by elastic tissue. The ex- 
pansions called air sacs or aleeoli, at the end of each final 
branch (Figs. 93 and 93), are lelativel]' very large, and 
their surfkce is still further increased by the pouches which 
project from them. Their walls are highly elastic, and con- 
lain a close network of capillary blood vessels, siipjilied by the 
pulmonary artery and emptying into the pulmonary veins. 




So these little oars, the cilia, anchored on 
the mucous membrane, drive on the secre- 
tion which bathes its surface. 



Bronchitis, or "a cold on the chest," 
is an inflammation of the membrane lining 
the bronchial tubes, in consequence of 
which it swells, and its secretion is changed 
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THE LUNGS. 

Through the extremely thin lining of the 
thin wall of tlic capillaries im- 
bediJed in it, oxygen is absorbed 
by the blood from the air in 
theairsa<: and carbon dioxide 
given to it. It has been 
c-.il( 111. lied that if the walls of 
tht- air cells were spread out fiat 
and jilaced side by side they 
would cover an area of 2600 
Etiuare feet. This great sur- 
face, therefore, represents the 
area of the body by which 
oxygen is received and car- Sj''h'^to.J''pm 
bon dioxide given off, and m^^"£mchiii 
accounts for the npidity with which the 
place. 

The Pleura. — ^The exterior of each lun 




ifbroBclibil » 

exchange takes 




inside of the chest. Its surface in health : 
a. small quantity of l^mph. In consequence 



This membrane 
also lines the 
I kept moist by 
if its smppthnfsg 
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and t]iolsuirL', the lungs glide over the chest wall during tfae. 
breathing movements with but little friction. 

Pleurisy is inflammation of the pleura. In lis early stages 




Latee im a teigc quaaittj' of lymph koftea pontpj eat l^j' tlK 

a tUn t-bbberlMg. Ifne a tu&e ti^y into §. lircnt^ 
kUd blow in air the lung will dilate, but as soon asri^itieE^ 
blowing and leave the tube open, it will shnnk up agafs^ ¥et 
in the chest the lungs always remain so expanded «ll$«e>B>^ 
^tdy JO' fill aU the. ^ace left ibr tlmn by the^i^ aad 

Jnsj^i^iUoii find Si^imtinu— The ^ces; oT taking ai^ 
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into the lungs is known as inspiration, that of expeUing it as 
ei^iratim. On the average, fifteen to eighteen inspirations 
and expirations occur in each minute. We therefore breathe 
in and out about once for every four beats of the heart. 




ftnantity of Air Breathed. — During ordinary quiet res- 
piration, we inspire and expire about 30 cubic inches, or 
^xnit one pint, of air ; this is called the lulal atr. Ailes an 
expiration of this amount, we can still expire by effort about 
100 cubic inches of air ; this is called the supplemenlaf air. 
There still remains in the lungs about 100 cubic inches of air 
which cannot be expelled with the most violent effort ; thb is 
the renditai air. When breathing quietly, it is possible, after 
an inspiration of the ordinary 30 cubic inches of air, to in- 
spire an additional iso cubic inches; this is the complemenlal 
dir. The total amount of air that can be expired afler the 
deepest inspiration possible is called the vital capac&f. This 
varies in different individuals and depends largely on the 
movabiIit]r of the chest wall. 




dorsal vcrtcbrreln'hiiKl. iho l)[r.\i.,t hon^ in front, and the ribs 
and rib carlilagos on the sides. Jictween and over these lie 
iiniseles, and the ivhoie is c oveml air-iifjht by the sliiii outside 
and the pleiirs (|). lyyj inside. Al)oi'C, it is closed l>y the 
iniisrles ard other organs of the tierk ; l>eloiv hy :\ movable 
boiloni, the diaphragm. 'I'he air-tiglil i iiaml>er thus enclosed 
can be enlarged in all three diameters, but es]jt'eially in the 
vertical, and in the dorso-ventral (running from the spinal col- 
umn to the breast bone). 

The Tertioal Enlargement of the Thorax is brought 
about by. the contraction of the diaphragm (Fig. 97), a thin 
sheet pf muscle, with a fibroos membrane in its centre serving 
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as a tendon. In rest the diaphragm is dome-shaped, its cori' 
cavity being turned towards the abdomen. From the tendon 
on the crown of the dome, striped m\isciilar fibres radiate, 
downward and outward, m all directions, and are fixed by 
their outer ends to the six lower ribs, the breast bone, and 
the venebial column. In inspiration the muscular fibres, by 
shortening, flatten the dome ot the diaphragm and enlarge the 




thoracic cavity by adding s\i^<:i: (o its widest ]jart (I'ii;, <)?■). 

Since the abdominal cavity is snrroiiDilert by bony and dense 
muscular walls, except in front where they are thin and elastic, 
the downward movement of the diaphragm manifests itself 
as an outward movement of the front abdominal wall. 
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The continuous lines represent the natural position of the 
ribs at rest in expiration, and the dotted lines the position in 
inspiration. It is clear that when their iowtr ends are raised so 
as to make the bars lie in a more nearly horizontal plane, the 
sternum is pushed away from the spine, and the extent of the 
che^it cavity between backbone and breast bone is increased. 

Inspiration requires a good deal of muscular effort. When 
the diaphragni contracts and flattens its dome, it has to push 
down the abdominal viscera on its under side, and to press 
out the front wall of the abdomen to make room for them. 
The ribs, shoulders, and breast bone have also to be Ufled up 
and the elasticity of the lungs overcome. 

Expiration. — In ordinary eKpiration, on the contrary, no 
muscular effort is required. M soon as the muscles which 
have raised the ribs and sternum relax, these bones return by 
their weight and the elasticity of the rib cartilages to their 
former unconstrained portion. The elastic abdominal wall 
presses the abdominal viscera against the under side of the 
diaphragm and pushes it up again, as soon as its muscular 
fibres cease contracting. In this way the chest cavity is 
restored to its original capadty, and the air is sent out of the 
lungs ratlier by the elasticity and weight of the parts which 
were stretched and raised in inspiration than 1^ any spedal 
expiratory effort. 

When, however, an expiration is violent, as during a sneeze 
or a fit of coi^hing, the abdominal muscles act as spea'al 
expiratory muscles by pulling down the ribs and pressing 
up the diaphragm. 

The Beipiratory Soonda. — The entry and exit of air are 
accompanied by retptralory toundi or tnurnairs, which can be 
heard on applying the ear to the chest wall. These sounds 
are characteristic over the trachea, the larger bronchial tubes, 
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and portions of lung from which large bronchial tubes are 
absent. They are variously modified in pulmonary affections, 
and hence the value of aunculta/ioit of the lungs in assisting 
the physician to form a diagnosis. 

Why the Lnngi fill witt Air may be best understood by 
coi^deiiiig a pair of bellows, as shown in Fig. loo. A thin- 
walled rubber bag (i) is fitted loosely inside the bellows and 
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It is thus apparent that so lang as air cannot enter between 
the walls of the rubber bag and the bellows, iJie rubber bag 
will Tollow the movements of the bellows and be emptied only 
when the bellows are closed. The chest walls correspond 
to the bellows and the Imigs to the inner rubber bag. We 
thus see whf the Itmgs cannot completely empty themselves 
during life, since the chest wall is not sufficiently flexible to 
close down upon them so fer as to obliterate the cavity. If, 
liowever, the chest wall becomes punctured, as by a wound, 
connecting Ihe chest cavity with the external air, the external 
air pressure, no longer withheld from the lung's surface by 
the chest wall, presses upon it and neutralizes the pressure 
of the air within the lung which has kept it expanded j the 
lung's elasticity then causes it to collapse to a small flaccid 

The Nervous Control of Respiration. — The respiratory 
movements are produced by contractions of muscles and are 
controlled by the action of nerves. It has been found that 
the nervous impulses which give rise to the respiratory move- 
ments are controlled in part by a nervous centre in the spinal 
bulb, called the respiratory centre. Its activity seems to de- 
|n.'iul u|Jou the cundiiioii of llic Wood; when the blood is 
poor in osygt^n and rich in carhon dioxide and other waste 
matters, this centre, as also the heart centre, becomes active 
and produces more rapid and deeper contractions of the re- 
spiratory muscles; when the blood is rich in oxygen and poor 
in wastes, the centre is more quiescent. During vigorous 
exercise, oxygen is iised u|i rapidly from the blood and the 
respiratory centre Is kept in a state of greater activity. Inur- 
ing sleep, oxygen is used up more slowly and the respiratory 
movements are less frequent. 

Hygflenle Remarks. — Since the diaphragm when it con- 
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trai ts ]iiishcs dowLi the nlHloiiiiual visi:cra lying against lis 
under side, these have to inzVe room for theniaelvcs liy ]iiish- 
ing out the soft front of the abdomo'ii, which aecordin^dy pro- 
trudes when tho diaphragm descends. Hence breathing by 
the diaphragm is indicated on the exterior by movements of 




the abdomen (Fig. 98) and is often called "abdominal 
respiration," as distinguished from breathing by the ribs, 
called " costal " or " chest breathing." Asa rale, men and 
children use the ribs less than adult women. Since abdomen 
and chest alternately expand and contract in healthy breath' 
ing, anything which impedes their free movement is to be 
avoided. The tight lacing which is still indulged in by those 
who think a distorted form beautiful, seriously impedes one 
of the most important functions of the body, and leads not 
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only to shortness of breath and an incapacity for muscular 
exertion, but in many cases to actual deformity or disease. 
The abdominal organs are compressed and forced downward, 
and as a result their attachmraits are stretched and their 
functions impeded. In extreme cases of tight lacing some 
organs are often directly injured; for example, weals of 
fibrous tissue are found developed on the liver from the con- 
stant pressure of the lower ribs forced against it. 



CHAPTER XVII. 



THE CHEMISTRY OF RESPIRATION AMD VENTILATION. 

The Quantity of Air breathed daily. — After an ordinary 
expiration the chest cavity is by no means conipletelj col- 
lapsed, as the lungs still contain about 200 cubic inches of 
air. In the next inspiration 30 more cubic inches are taken 
in, at the following expiration about the same amount is sent 
out, and so on throughout the day. During quiet breathing 
the quantity of air in the lungs varies, therefore, with each 
inspiration and ex|iiration bL'tween sjo and ^oo cubic inches. 
At each inspiration something over a pint of fresh air is taken 
in, and at eacli e.\piration about the same amount of vitiated 
air is expelled. As each of us breathes at least fifteen times a 
minute, ive thus use each minute 15 X 30 — 450 cubic inches 
(15^ pints) of air. In an hour the quantity is 450 X 60 — 
27,000 cubic inches (930 pints), and in twenty-four hours 
27,000 X 24 = 648,000 cubic inches (21, -520 pints) of air, 
which weighs about 28.7 lbs. We have next to see what it 
is that happens to this vast quantity of air breathed daily by 
each one of us; what we have taken out of it, and what we 
have given off to it. 

The Changes proflnoedin Air by being once breathed. — 
These are fourfold — changes in temperature, moisture, volume, 
and in its chemical composition. 

Change! in Temperature. — The air taken into the lungs 
is nearly always cooler than that expired, wliich has a tem- 
308 
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perature of about 36° C. (97° F.). The temperature of a room 
is usually about ai" C. (70° F.). The warmer the inspired 
air, the less the heat which is lost by the body in the breath- 
ing process. 

Changes in Haiature. — Inspired air always conta.ins more 
or less water vapor, but is rarclj' siitiirair^d — that is, rarely 
contains all it can take up without siiowlng it as mist. 
The vnmner air is, the water vapor it requires to saturate it. 
The expired air is nearly saturated at ihe temperature at 
which it leaves the body. This is shown by the moisture 
deposited when it is cooled, as on a mirror, or in the clouds 
formed by the breath on a frosty day. We therefore con- 
clude that air when breathed gains water vi^or and carries 
it off from the lungs. The quantity of water thus removed 
from the body is about nine ounces each twenty-four hours. 

Changes in Tolnme. — If the expired air is measured as it 
leaves the body, its bulk will be found greater than that of 
the inspired air, since it not only has water vapor added to it, 
but is expanded in consequence of its higher temperature. If, 
however, it is dried and reduced to the same temperature as 
the inspired air, its volume will be found diminished, since it 
has lost 5.4 volumes of oxygen for every 4.3 volumes of car- 
bon dioxide which it has gained. 

Chemical Changes. — The most important changes brought 
about in the breathed air are those in its chemical composi- 
tion. Pure air when completely dried consists in 100 parts 
of— 



When breathed once, such air gains rather more than 4 
volumes in roo of carbon dioxide, and loses rather more than 



NiCrogen. 
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5 of oxygen. More accurately, loo volumes of expired air, 
when dried, consist of— 



The expired air also roniains volatile organic substances in 
quantities too miniito fur thcniical analysis, but readily de- 
tected by the nose upon tiomiiig into a close room in which 
a number of persons have been collected. 

The Quantity of Oxygen taken np by the Longs in a 
Day. — We have already seen that the quantity of air breathed 
in a day is 648,000 cubic inches. This loses 5.4 per cent of 
oxygen or 35,000 cubic inches, weighing rz,8i8 gmins 
lbs.). The boily therefore gains this amount of oxygen 
through the lungs daily. 

The Amount of Carbon Dioxide passed Out from the 
Lungs in a Day is 4.3 per cent of ihe lolal bulk of the air 
breathed, or 27,864 cubic inches; it weighs 14,105 grains or 
about 2 lbs, 

\Vc thus find that though each breath seems in itself a very 
little thing, the total amount of matter received into and 
passed out of the body through the lungs every day of our 
lives is considerable. In a year each adult breathes about 
10,000 lbs, of air; from it he lakes 657 lbs. of oxygen, and to 
it he gives off 730 lbs. of carbon dioxide. 

Ventilation. — -Since at each breath some oxygen is taken 
from the air and some carbon dioxide given to it, were the 
atmosphere around a living man not renewed he would at 
last he unable to get from the air the oxygen he required ; he 
would die of oxygen starvation or be suffocated, as such a 
mode of death is called, as surely, though not quite so fast, 
as if he were put under the receiver of an air pump and all 
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the air around him lemoved. Hence tlie necessity of vattila- 
tiott to supply fresh air in place of that breathed. Clearly 
the amount of fresh air requisite must be determined by the 
number of persons collected in a room. Moieorer, since 
gas and lamps use oxygen and give out carbon dioside, cal- 
culation must be made for them in arran^ng for the ventila- 
tion of a building in which they are to be used. 

Wlien Breathed Aiz beaonuB imwholeaome. — The evil 
results of insufficient air supply are not ordinarily directly 
due to a lack of oxygen, for the blood flowing through the 
lungs can take the necessary amount of oxygen from air con- 
tdning as little as filteen or. even ten per cent. The head- 
ache and drowsiness which result from »tting in badly venti- 
lated rooms, and the lack of energy and general ill-health 
which accompany permanent living in such conditions, are 
dependent on a slow poisoning of the body by the reabsorp- 
tion of matters eliminated from the lungs in previous respi- 
rations. What these are is not accurately known; th^ 
doubtless belong to those volatile bodies mentioned above as 
carried off in small quantities in each breath, since observa- 
tion shows that the air become injurious long before the 
reduction of oxygen and the increase of carbon dioxide are 
sufficient to do any harm. Breathing air which contains 
one or two per cent of carbon dioude produced by ordin- 
ary chemical methods does no injury, but the breathing of 
air containing one per cent of carbon dioxide produced by 
respiration is decidedly injurious, because of the organic 
materials sent out from the lungs at the same time, 

Tlie percentage of carbon dioxide in the air may be readily 
measured, whereas the more dangerous organic substances con- 
lained in expired' air cannot be. These poisonous materials, 
however, always bear practically the same relation to the 
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amount of carbon dioxide ; hence if carbon dioxide is esti- 
mated, the badness of the air, due to the poisonous factors, 
may be inferred. It must be remembered, however, that 
this applies lo the carbon dioxide produced by respiration, 
and not to that produced by the burning of gas or lamps ; 
hence in rooms hghted by these means allowance must be 
made, after determining the amount of carbon dioside, for 
that which has been produced through their agency. When 
a very large amount of carbon dioxide is preseat the air can- 
not be safely respired, as, for example, at the bottom of wells 
or in brewing vats. This is diie to two factors, the absence 
of oxygen and the presence of an overwhelming amotrnt of 
carbon dioxide. 

Tlie Anantity of FreslL Air wMoli slionld be allowed fbr 
eadl Fenon in a Boom. — A man at rest expires air conlain- 
ing 4^ of carbon dioxide, amounting in one hour to about 
{ cubic foot. It is agreed by hygienists that a parts of 
respimtory carbon dioxide in io,oao parts of air are all that 
are permissible for respiration. Hence must be introduced 
into an occupied room in sufficient amoimt to reduce the re- 
spiratory impurity of 4^ or 400 parts in 10,000 to 3 parts; 
therefore there must be added to each breath aoo parts of 
fresh air, or 3000 cubic feet of air per hour for each indi- 
vidual. 

Many experiments have shown that there should be an 
allowance of about fioo cubic feet of space for each man in 
the room. This permits the requisite change of air without 
drafts, and insures a chance for the thorough mixing of ex- 
pired ail with the air of the room so that it will not be re- 
breathed before mixing. 

The nose of a person entering a room from the outside cur 
has bren fc»ind to be an excellent test of the purity of the air, 
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and any odor or sense of closeness detected in thia way sug- 
gests that the air contains too much impurity to be breathed 
with safety. The accompanying table shows the relation 
between the determinations made by the sense of smell and 
the chemical analysis of the amount of carbon dioxide due to 
respiratory impurity present. 

rXER TO CARllON DIOXIDE, SETER- 



CDBdltkn at the tl 



CotTc^poncIiug pnrls of CO, i 



ill 4lit '■Hi 'Isli 



ic(^0,^.* 



How to Ventilate. — Ventilation does not necessarily 
mean draughts of cold air, as is too often supposed. In 
wanning by indirect radiation, as by furnace or steam pipes in 
the basement, proper ventilation may readily be secured by 
arranging openings connected with a chimney, by which the 
impure air may pass out to make room for the fresh warm air 
to enter. Since the fresh air is the warmest air of tlie room 
it goes immediately to the ceiling and will pass out through 
any openings it fmds there. Hence all outlets should be at 
the floor level and the inlets for warm air at the ceiling. An 
open fire in a room will always keep up a current of air 
through it, and is one of the most wholesome, though not 
most economical, methods of wanning an apartment. 

Ordinary stoves in a room contribute little to the ventila- 
tion, for they take ociy a small amount of air out of the room 
through the chimney and bring in as leakage around doors 
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and windows only as much as they take out ; hence if these 
looms are occupied the air becomes quickly impuic. Some 
stoves are provided with jackets inside of whidi ice^ air may 
~bc admitted from out^de. If there is no such provision, it 
is possible to fasten a board three or four inches wide, to lit 
under the lower sash of a window. Fresh air then enters by 
the opening between the two sashes at the middle of the 
window and diHiises through the room, usually without draft 
This window should be opened on the windward side of the 
room so the air will snrely enter, "nie window on the oppo- 
site side of the room may be opened at the bottom to allow 
the foul air to pass out. In this way the change of air in the 
room may be made continuous. Since, fortunately, few doois 
and windows fit quite tight, fiesh air gets into closed rooms 
in tolerable abundance for one or two occupants. 

OhaniTM undergone by the Bhiod ia the Lungs. — ^Hiese 
are the exact reverse of those exhibited by the breathed air 
— ^what the air gains the blood loses, and vice versa. The 
blood loses heat, water, and carbon dioxide, and gains 
osygea. These gains and losses are accompanied by a change 
of color from the dark purple which the blood exhibits in the 
pulmonary artery, to the bright scarlet of the oxyhcemoglobin 
in the pulmonary veins. 
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THE KIDNEYS AND THE SKIN. 

Qeneial Arrangement of the Hitiogen-eTtcreting Organs. 

— These organs are (i) the kidneys, the glands wliich secrete 
the urine; (2) the urelers or ducts of the kidneys, which 
carry the secretion to (3) the urinary bladder, a reservoir in 
which it accumulates and from which it is ex[3elled from time 
to time through (4) the urelhra, an exit tiihe. '['he general 
arrangement of these parts, as seen from behind, is shown in 
Fig. 103. The kidneys (A') lie at Ih^' liai k of the ahdominal 

of the middle line. Each is a firm mass, with a convex outer 
and a concave inner border, and its upper end a little t;irgcr 
than the lower. From the abdominal aorta (.1) a renal 
arlery (Ar) enters the inner border of each kidney, to break 
up within it into finer branches, ultimately endiiij; in capil- 
laries. These unite to form the renal reins ( 1 r), one of 
which leaves each kidney and opens into the inferior vena 
cava ( Vc). Prom the concave border of each kidney proceeds 
also the weter {U), a slender tube opening below into the 
bladder ( Vu) near its lower end. From the bladder proceeds 
the urethra {Ua). The channel of each ureter passes very 
obliquely throu^ the wall of the bladdery accordingly if the 
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pressure in the bladder rises above that of the liquid in the 
ureter the walls of the oblique passage are pressed together 
and it is dosed. Us::ally the bladder {which coiit.iiiibi mus- 
cular [issue in its walls) is relaxed, and ihe urine flows readily 
into it from the ureters. Since the pa.ssage of the iirellira is 
kept dosed by elastic tissue around the upper end, the urine 
accumulates in the bladder. When the bladder contracts and 
presses on its contents the ureters are closed in the way above 
indicated, the elasticity of the fibres closing the urethral 
exit from the bladder is overcome, and the liquid is forced 
out. 

The QroBB StrnDture of tlie EidnsTfl. — When a section is 
made through a kidney from its outer to its inner border 
(Fig. 104) it is seen that a deep fissure, the Mur, leads into 
it. In the hiltis the ureter widens out to form the fie/vu of 
IkeH^gi, whidi brealcs up into a number of smaller divi^ons, 
the cups or ealieet. The cut surface of the kidney proper is 
seen to consist of two distinct parts, an outer or cor/Kol por- 
tion, and an inner or medullary. The medullary portion is 
less red and more glistening, is fiiiely striated in a radial 
direction, and does not consist of one continuous mass, but 
of a number of conical portions, the pyramids of Malpighi 
(i'). Each of these pyramids is separated from its neighbors 
by a prolongation (*) of the cortical substance. This, how- 
ever, does not reach to the apex of the pyramid, which pro- 
jects, as the papilla, into a calyx of the ureter. At its outer 
end each pyramid separates into smaller portiotis (3"], sep- 
arated by thin layers of cortex and gradually spreading every- 
where into it. The cortical substance is redder and more 
granular-looking than the tnedullary. It fonns everywhere 
the outer layer of the organ, besides dipping in between the 
pyramids in the manner above described. 
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The renal aiteiy divides in the hiluB ioto branches (5) which 
run into the kidney substance between the ^mxa^, giving 




ofT a few cwjgs to mi'm. and end finally in a much closer 
vascular neiworK in ine conex. 

Tbe Miante' Stractaie of the Kldneyi. — ^The kidneys are 
compound tubular glands, composed of branched microscopic 
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vriniferoui ItAules, lined b/ a single layer of secreting celb 
(Fig. los), supported by connec- 
tive tissue, and supplied with 
blood vessels, nerves, and lym- 
phatics. Each of the f.nal 
blanches of each tubule ends i:i 
a dilatation which conialns a 
knotof blood vessels (Fig. io6), 
through whose walls water and 
salts enter the tubule. As the 
water trickles along the tubules, 
their cells take the urea from 
the blood in the capillanes 
wrapped closely around iheiii 
(Fig. 105). The tubules unni: 
in the pyramids to fbnn lai 

ducts, which pour the secretion ^r,,.A^, ^ ■^,^j,r,i„„ r^, th- 

into the CaliceS of the pelvis of mem aiDund each >aHlDi^^iiienilul; 

the ureter, which then conveys //■ Km"™™Gi'c3 poraon « '^^r,- 

' lleniu inbum: a. ^nmUar tpltliejial 

it to the bladder. *, iM«m*iitiMBbBu». 

The Benal Becretioii is a watery, acm soiuuon 01 ureaaua 
inorganic salts. These solids amount to 4 per cent of the 
total secretion and give die solution an average specific grav- 
ity of i.oai. The urine excreted in twenty-four hours con- 
tains : urea, 35 gms. (ii^ oz.) ; inorganic salts (chiefly sodium, 
potassium, ammonia, calcium, and niagnesium], gms. 
(} oz.) ; and water, 1400 gms. (3 pints). 

The urea, which b secreted by the kidneys and was formedy 
supposed to be formed there, is made by the liver as a final 
oxidation of nitrogenous materials which have been turned into 
the blood by the tissues. As the chief organs for the excre- 
tjoi) of this .nitro^DOus waste, the kidney are amon^ th^ 
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most important of the body. Any defer! in their healthy 
activity leads to serious trouble, due to the accumulation of 
nitrogenous wastes in the body. 

The Skia, whic h covers the whole exterior of the body, 
consists everywhere of two distinct layers, an outer, the cuHcIs 



THE EPIDERMIS. 



flattened in a plane parallel to the surfece. The Dutermost 
epidermic stratum is composed of many layers of much 




flattened cells from which the nuclei, conspicuous in the 
deeper layers, have disappeared. These superlicial cells are 
dead, and are constantly being shed from the surface of the 
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body. Their jilace is taken by new cells, fanned in tha 
deeper kyeis, pushed up to the sur- 
face and flattened in their progress. 
The change in the form of the cells as 
they travel outward is accompanied 
by chemical changes; they finally 
constitute a semi - transparent dry 
horny slralum (a), distinct from a 
deeper, more opaque, and softer layer 
{b and d) of the epidermis. 

The material which is peeled off 
the skin on rubbing it with a rough 

Fwk loft.— Maamfifid vibw . « . , , ■ 

of ihg "w!^"' ^ >vann bath, consists of 

dead outer scales of the homy stratum 

of the epidemus. 

Nerves penetrate the deeper layers of the epidermis, but 
no blood vessels enter it. 'Hie epidermis is also penetrated 
by the ducts of sweat glands, which have their mouths along 
the ridges (Fig. io8), and by the hairs. In dark races the 
color is due to a pigment contained chiefly in the deeper 
cells of the epidermis. 

The SermiB, or Tme Skin (Fig. 109), con^sts of a close 
feit-work of connective tissue, which becomes wider meshed 
below and passes gradually into the tubculaneous areolar 
tiisue. In texture it is much like damp raw cotton, and 
loosely attaches the ^in to parts beneath. In tanning, the 
dermis is turned into leather, its connective tissue forming an 
insoluble and tough compound with the tannin of the oak- 
bark employed. Wherever there are hairs bundles of plain 
muscular tissue are found in ihe dermis; it contains also a 
i;lose network of capillary blood vessels, and numerous lym- 
phatics and nerves. In shaving, as long as the razor keeps 
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touch is acute, and are arrani!cd in rows. The epidermis 
fiijs up ihe houows tiecwecn tne muuja; ot tne same row. buc 
dips down between adiacent rows, ana tnus produces ihe 
finer epldemiic ndges.'' On ttiy tnumbs and nnirer tips, 
these ndges. fineij dotted bv tne moutns oi tnc sweat ducts, 
assume more or ies9 definite nattcrns. i hesc uatterns. which 
are diSeient in each person, persist throughout life and are 
used for personal identification. The wrinkles of old per- 
sons are due to the absorption of subcutaneous fat and of 
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Other sod parts beneath the skin, which does not shrink to- 
the same extent and is therefore thrown into folds. 

Hain, longer or shotter, are found all over the sur&ce of 
the body, except in a few r^ons, as the palms of the hands 
and the soles of the feet. A hair is a slender thread of epi- 
dermis, developed on a special dermic papilla placed at the 
bottom of a depression, fonned by a pitting-in of the dennis. 
The depression is known as the hair /oUkle. The pnrt of 
the hair buried in the follicle is called its rool, and is suc- 
ceeded by a mm. which (in uncut liairs) tapers off to a poml. 
Each hair is made up of a number of epidermic cells, 
arranged together to form a fibre. 

Nails. — A nail is a part of the epidermis, with its horny 
stratiun greatly developed. The liat:k part of the nail fits 
into a furrow of the dermis, and is called its rooi. The visible 
part consists of a body, attached to the dermis beneath (which 
forms the bed 0/ l/ie nail), and of a /ree edge. Near the root 
is a little area, whiter than the rest of the nail, called the 
lunula. The whiteness is due in part to the greater opaque- 
ness of the nail there, and partly lo the less vascular character 
ofitsl>ed, which when seen through the nail causes its pink 

I'he portion of the dermis on which the nail is formed is 
called its matrix. At the root of the nail is a groove, in which 
by the addition of new cells the nail grows in length. The 
part of the matrix lying beneath the body of the nail, called 
its bed, is highly vascular. New cells formed on its bed and 
added to its under surface cause the nail to increase in thick- 
ness, as it is pushed forward by the new growth at its root. 

*The baits (£ dlflerent races often present characteristic diflerences. 
The white races have cylindrical liair, whereas negroes have flattened or 
ribimn-like hair, hence its tendency to curl. 



THE HUMJN BODY. 



The free end of a nail is therefore its thickest part. If a 
nail is"cast" in consequence of an injury, or torn off, a 
new one is produced, provided the matrix is not destroyed. 
Hie Olands of the Skin are of two kinds, iweai and oil 

Tbe Sweat 01uidi(Figs. loSand m) are microscopic 
tubes which reach from the mirfece of the skin to the subcu- 
taneous areolar tissue ; there the tube often branches, and is 




coiled up into a litde knot, intertwined 
with blood capillaries These glands are 
found all over the skin, but are most 
abundant on the palms of. the hands, the 
soles of the feet, and the brow. Alto- 
gether, there are about two and a half 
millions of them. 

72e perspwatim or tweai ppored out \if 
these glands is a transparent colorless 
liquid, with a peculiar odor, varying in 
different races, and in different regions of 
the body. Its quantity in twenty-four 
hour.? is subject to great variations, but 



giiSS; 'j.'ho;« i^"rr"i u-'^ii:'"y liei; beivvcen 700 and aooo grams 
^r'[ ' */dc™i^""Th" (or 25 71 oiincts). The amount is 

imie^ed'lif 'the UX"; influenced mainly by the surrounding tem- 
bS'ihedSuli!' peraturc, being greater when this is high ; 

but it is also increa^d hy other conditions tending to raise 
the temperature of the body, as muscular exercise.* 'ITie 
* The secretion of Mrspiration is greatly increased during muscntar 
exercise and a closely related lo the heal control of &s body, fur during 
muscular exercise much more lieat is produced in Ihe body. By the evap- 
oration tills extra amount of peiapiration a lai^ share of the heat is 
removed, keeping the body (eniperalure at the nomiBl point (98° 4 F.). 
In fever, the sweat glands do not act ; as a result the skin is ordinarily 
dry and less heat is lost 



THE SEBACEOUS CLAUDS. 



sweat may or may not eva|iorale as fast as it is secreted ; in 
tlie former case it is known as inse'uille, in ihe latter as sen- 
sible p^rspiralio'i. Ey far thi: most jiasses off in the insensible 
form ; (iroijs of sweat accumulate only whcii ihe secretion is 
very profuse, or the surrounding atmosphere so hnniid tliat it 
does not readily take more moisture. The jjerspi ration 
in 1000 parts contains 990 of water to 10 of solids. Among 
the latter is, in health, a little urea, some sodium chloride, 
and other salts. In diseased conditions of the kidneys, when 
they are not able to excrete all the urea of the blood, it col- 
lects in the blood and is excreted by the skin in greater 
amount than ordinarily. By causing jirofuse pcrspiraiion 
under such conditions, a considerable amount i>f una can thuh 
be eliminated from the system to supplement the impaired 
action of the kidneys. 

The SebaceoUB Qlands usually open into hair follicles (Fig. 
no), Theyare smalt compound racemose glands (p. 107). 
Each presents a duct, opening near the mouth of the hair 
follicle; when followed back this duct is found to divide Into 
several branches which end in globular expansions, lined by 
secreting cells. The mouth of the ducts discharges into the 
hair follicle. 

The Sebaceous SeoretioQ is oily and semi-fluid. In healthy 
persons it lubticates the hair and renders it glossy. It is also 
.spread more or less over all the sui^e of the skin, a)id makei 
it oily and less jiermeable by water. 

The Skin u a Sense Oi^n. — Besides its functions as a 
protective covering and an excretory organ, the skin is of ex- 
treme importance, as being the seat of the dermal senses. 
(Chap. kXI.) 

Hygiene of the SUiL — The sebaceous secretion and the 
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solid residue left by evaporating sweat form a film on tlie 
skin. Hence the importance of personal cleanliness. Ex- 
posed parts of the body except the scalp should be 
washed daily with good soap. The entire body should be 
washed with warm water and soap at least once or twice a 
week. If the skin becomes dry from too frequent bathing, 
the oil should be restored by use of vaseline, tallow or other 
emollient. No doubt many persons go about in very good 
health with very little washing; contact with the clothes and 
other external objects keeps the skin excretions from accu- 
mulating to any very great extent. But apart from the duty of 
personal cleanliness imposed on every one in daily intercourse 
with othera, the greater immunity from infectious diseases 
afforded by cleanliness should be an important inducement 
Undoubtedly the habit of washing the hands before eating is 
a most elTective preventive measure. 

Bathing. — One object of bathing is to cleanse the skin ; 
another, to strengthen and invigorate the whole frame. For 
some strong h^thy persons a cold bath may be the best ; but 
in severe weather the temperature of the water Ehould be raised 
to 15° C, (about 60° F.), alL which it still feels quite cool to 
the surface. The first effect of a cold bath is to contract all 
the skin vessels and make Uie sur&ce pallid. This is soon 
followed by a reaction, in which the skin becomes red and 
full of blood, and a glow of warmth is felt. The proper time 
to come out of the bath is while this reaction lasts, and it 
should be promoted by a good rubbing. If the slay in the 
cold water is too prolonged, the state of reaction passes off, the 
skin again becomes pallid, and the person feels cold, uncom- 
fortable, and depressed all day. Such bathing is injurious in- 
stead of beneficial, since it lowers instead of stimulating the 
activities of the body. How long one m^ remain in cold 
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soa " iiti^r witli benefit (ie|jcinls greally on the individual ; a 
vigorous man can bear and set up a healthy reaction after ten 
or twenty minutes' immersion, whereas a feeble person may be 
exhausted by one minute's exposure. Of course, apart from 
this, the temperature of the water is of great importance. 
Water which feels told to the skin may vary within vciy wide 
limits of temperature. The colder it is, the shorter the time 

When to Bathe. — It is perfectly safe to liathc when warm, 
in spite of the common belief. No one shouiii enter a cold 
b:ith ivhen feeling chilly, when in a depressed vital condition, 
or inmiediately after a meal. The be^.t time for a long cold 
bath is two or three hours after breakfa-st or the mid-day meal. 
I'or a brief daily dip there is no better time than on rising in 
the morning. 

Shower Baths are coming into general use l)crause of their 
convenience and ei:onomy of water. They may be supplied 
with warm or cold water and are effective for both cleanli- 
ness and stimulation. The cold shower is fer belter than the 
cold pkmge, since it stimulates both by the coolness of the 
water and the force with which it comes against the skin. At 
the same time it does not chill the body nor lead to depres- 
sion by abstracting a large amount of heat. 

Prolonged Warm Baths, except occasionally for purposes 
of cleanliness, are medical remedies, and not proper for daily 
use. While promoting the tendency to perspiration (often 
important in disease), they also, if often repeated, loner the 
general vigor of the body. 
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WHY WE NEED A NERVOUS SYSTEM. ITS ANATOMY. 

Tlie HarmoiiionB Oo-Dpexatioa of tke Otguu of the Body. 

— ^We have alceady learned that the body condsts of a vast 
number of cells and fibres, combined to form organs, and tbat 
each kind of cell or fibre and each organ has its own peculiar 
structure, properties, and uses. Except in so Tar as the blood, 
passing from organ to organ, carries matters from one to 
another, and indirectly enables, each organ to act upon the 
rest, we have not as yet studied the means by which all this 
collection of organs is made to work together, so that each 
shall not merely look after itself, but relate its activity in 
relation to the needs or dangers of the others. 

That the organs do co-operate we all know. When an 
olqect threatens to touch the eye, the lids involuntarily shut. 
When we are using the muscles of the legs vigorously the 
muscles of respiration hurry thrir action, that oxygen may be 
conveyed more rapidly to the blood for the supply of the 
worldng leg muscles, and that the wastes produced by them 
may be quickly removed. When the sole of the foot is 
tickled the muscles of the thigh and leg, which are not 
directiy interrered nith at all, contract and jeik the foot away 
from its tormentor. Everywhere among the organs we find 
this co-operation through which our bodies are enabled to 
continue sliye, In JEsop's &ble we are (0I4 how the armg 
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and jaws declined to work any longer in providing and 
grinding food for the lazy stomach, and how they soon came 
to grief in consequence. We might extend the fable, and 
tell how afterwards the stomach made up its mind to digest 
and absorb just as much food as it wanted for itself, and'not 
bother about supplying those canUnkerous anns and jaws. If 
the stomach ceased to work for the other parts they soon 
would cease to be able to send food to it, and so it would 
itself starve in turn. 

Hot a Hu dlffon from a OoUeotion of Livla; Organs. 
— Tbrou^out the body, heart, lungs, stomach, intestines, 
liver, muscles, and skin, all need one another's aid to obtain 
food and oxygen, to remove wastes, and to avoid dangers. 
This co-opeiation makes the individml human being. A 
mere mass of living organs, arranged together in the form of 
man's body, but each acting without reference to the rest, 
would no more make a man than a mob of strong men would 
make an army. In the mob the reckless courage of some, the 
personal cowardice of others, the uncontrolled ambition of a 
few, would make the crowd nearly useless for military pur- 
poses in spite of the merits of ils individual members. In 
the body, if the organs were not niseiplined, controlled, and 
guided, so as to work together for the good of the whole, 
death would vtry soon result. As a matter of fact this is the 
way in which death almost always does begin. The body is 
not built like the deacon's " one-hoBS shay," to nm till every 
part of it gives out at the same moment. Some important 
organ ceases to do ils part properly; as a consequence the 
whole complex mechanism is thrown out of gear, and death 
results. 

OtwndiiiHtioii means controlling and combining the activ- 
ities of a number of working units (whether men, organs, or 
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machines) for the attainment of n definite end, A proiniKCUOUS 
and imdirccteil crowd of coi!ii>etent bricklayers, carpenters, 
hod-earriers, and so forth, would he quite incompetent to 
build a house. There might be present abundant energy and 
skill to construct walls, floors, and roof; but if each man 
worked for himself and took no heed of the rest the result 
would be an odd building, if any at ail. }Ieuce the whole 
work is placed \iiider the control of :i ma.ster builder, who 
guides the activities of individuals according to the needs 
of the moment. The hcallliy body may be regarded as made 
up of a number of l onscicntious ii orkers, the organs, who are 
concerned. in building it and keeping it in repair, each one 
acting so as lo co-operate with the rest for the attainment of 
the common end. The master builder is represented by the 
nervous system, which is in communication with all the other 
organs, is influenced by the condition and the needs of every 
part at each moment, and guides the activity of all accordingly. 
Pari of this control is exerci.scd consciously, bttt much more 
is carried on without our knowing anything about it. 

Ner7e Trunks and Nerve Centres. — In dissecting the body 
numerous white cords are found which at first sight might be 
taken for tendons. That they are something else soon 
becomes clear, since a great many of them have no connection 
with muscles, and those which have usually enter near the 
middle of the belly of the muscle, instead of being fixed to its 
ends as most tendons are. These cords are nens irtoAs. If 
followed from the middle line of the body (Fig. iia) each 
will be found to break up into finer and finer branches, until 
the subdivisions become too small to be followed without the 
aid of a microscope. Traced towards the middle of the body 
the trunk will, in most cases, be found to increase by the 
union of others with it, and ultimately to join a much larger 
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mass ofdiflcFent structure (spinal cord, or brain). The inner 
end of a nerve is its proximal, and the other its dislal or 
peripheral end. 

Nerve trunks radiate all over the body, branching and 
becoming EiDaller and smaller ss they proceed ; they end in 
or among the cells and fibres of the various organs. The 
general arrangement is shown in Fig. 112. 

TtiB Uaia Herve Oentzea. — ^The great majori^ of the 
nerve trunks take their origin irom the brain and ^utal cord, 
which together form the great cerebro-tjmal centre. Some 
nerves, however, commence in rounded or oval masses, which 
va:7 in size from that of the kernel of an almond down 
to microscopic dimensions, and which are widely distributed 
in the body. Each of these smaller centres is called a gan- 
glion. A considerable number of Uie largest ganglia are united 
directly to one another by nerve trunks, and give off nerves 
especially to blood vessels and to the organs in the thoracic 
and abdominal cavities. These ganglia and their branches 
form the sympaihetic nervoui sytlem (Figs, t and z), as dis- 
tinguished from the cerebro -spinal nervous system, consisting 
of the brain and spinal cord and the nerves proceeding from 
and to them,* 

The Brain, Spinal Cord and their Uembranes, — The 
irain lies in the skull and is continuous through foramen 
magnum (Fig. 20) of the oteipiial bone with the spinal cord, 
which lies in the vertebral column, and should be cdiisidered 
asapart of the brain. Both the brain and the spinal cord are 
incompletely separated by grooves and fissures into similar 
right and left halves. They are very soft and easily crushed, 

■The name " STinpalhelic nervous system" is largely a miBnomer, 
since it is a part of the general nerrtius ^stcni and wraks in direct cai- 
nection with it. 
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and are accordingly placed in 
almost completely closed bonj 
cavities, and enveloped by mem- 
branes which give them support. 
These membranes are three in 
number. The external covering, 
the dura maler, is tough, strong, 
and composed ofcoonective tissue. 
The innermost membrane in im- 
mediate contact with the brain 
and cord, the fia mater, is less 
dense and tough than the dura 
mater. A layer of Bat cells covers 
the outside of the pia, and a similar 
layer lines the inside of the dura; 
tliese two layi-Ts fomi thi: third 
membra [10, tht arachnuid. In 
the spacu between tlie two layers 
of the [iratlinoid is a small quan- 
tity of watery ceri-iro-sfiinal liquid. 

The Spinal Cord (FiR. n%) is 
nearly cylindrical in form, al- 
thiniirh a little wider laterally 
than dorso-venlrally, and taper- 
ing off at Its posterior end. Its 
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average diameter is about J inch and its length 1 7 inches. 
It weighs ij ounces. There is no marked limit between the 
spinal cord and the brain, the one passing gradually into the 
other. In its course the cord preseuts two ex[>ansions, an 
upper (Fig. 113), the cervical enlargenieni, reaching from 
the third cervical to the first dorsal vertebrae, and a 
lower or lumbar enlargemaii, opposite the last dorsal 
vertebrte. 




Running .-ilong Uu' middle line on both thcvciilral and the 
dorsal asiiijcis of Ihc cord are fi^Miros whi^.h (C, Vig, 114) 
nearly divii.k' il into riglit :ind left h.ilvs. 

A transverse t>tClio" ti'"ijj- 115) sliows that the substance of 



Digilized by Google 



THE HUM^N nonr. 



join tlio spinal i-.tnl in th,' IK-L.nil c atial of Ihc vcrlchral col- 
umn, ciitLTiii); llic canal through liic iiiliTv.Tlrl.r.il fommina 
(Fig. 113). Kach divides in the foramon inio a Jorvil ^ni\ 
ventral i>ort[oii, known respectivdy as the ./"/ i.// aiul rni- 
. Irnl roots of the nerve {6 and 5, V\g. 114), ivlii.h z.r<i nt- 
tiic ht-d to ilie sides of the cord. On each dorsal root is a 
spiiml i;iiti/;!wn (6', Fig. 114), placed where it joins the ventral 
root to make up the common nerve trunk. Immediately after 
its formation by the mixture of fibres from both roots, the 
trnnk tii^gins to divide into branches for the supply of some 
region of the body. 

Tlie bain (Fig. is far larger than the spinal cotd and 
more complex In structure. It weighs on the average about 
50 ounces in the adult. The brain consists of three main 




masses, each with subsidiary parts, following one another in 
series from before back, and rcsi>ectively known as the,^e- 
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iram, mid-brain, and hind-braut.* In man the fore-bTain {A), 
weighing about 44 ounces, is much larger than -all the rest 
put together and overlaps them. It is formed chiefljr of two 
large convoluted masses, separated from one anather by a 
deep fissure, and known as the cerebral hemispheres. ITie 
great size of these is very characteristic of the human brain in 
contrast to the lower animals. IJeneath each cerebral hemi- 
sphere is an olfactory lohe (I, Fig. 118), inconspicuous in man, 
but in pninmls often larger than the cerebral hemispheres, as in 
tnoet fishes. The mid-brun (3) fomiB a connecting isthmus 




between the two other divisions. Hie hind-brain consists of 
three midn parts; on its dorsal side the cerebellum {B, Fig. 
116), on the imder side the pons Varolu{C, Fig.ii6), and 

* The temu arise from the relative positioniof the three hollow nodules 
in the embryonic centiai nervous tract, whidi later detelop to Sana tlicse 
portions of tbe adult biain. 
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e cerebellum and of the cere- 
r which thisgiaj suostance is 



sijrc^ui IS vcrv 111111:11 iiii:r(r;u<i:ii. 

The Cranial Kerves. — Twei 
skull cavity by ancttiircs in its 
crantal nervei. Most of ihem a 
tne QraiD, wiucn is tepresentcd 
molfa^oty nerves (I), are the ner 
the under sides of the olfactory lobes and 
the roof of the nose. The second pair, or op 



nj; iroiii the unaer side of 
I'ig. I lij. .Ihe Jtrst pair, 
> of smell; they arise from 
ss out through 

1,11), . 



the nerves of sight; they spring from the mid-brain, and, 
under the name of o^ic tracts, run down to the under side of 
the fore-tsain, where they unite to form the oplie commissure, 
from which an opiic nerve proceeds to each eyeball. 

All the remaning cranial nerves arise from the hind-brain. 
The third pair, or motor nerves oftht eye (HI), are distributed 
to three of the muscles which move the eyeball, and also to 
the muscle which lifts the upper eyelid. 

The fmrth pair (IV) are quite small; each goes to one 
muscle of the eyeball. 




cenkaJ tploal luivc. 

fonn a common trunk which divides into ihree main branches. 
The fiist oftliese, the ophthalmic, is distributed Co the muscles 
and skin over the forehead and upper eyelid, and also gives 
branches to the mucous membrane lining the nose, and to the 
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integument over ihat organ. The second division, ihe supe- 
rior maxillary nerve, gives branches to the skin over the 
temple, to thi: cheek lietweeii the eyebrow and the angle of 
the mouth, to the upper teeth, and to the mucous membrane 
of the nose, pharynx, soft jialate and roof of the mouth. The 
third division, the inferior maxillary, is ilie largest branch of 
the trigeminal. It is distributed to the side of the head, the 
external ear, the lower lip, the lower part of the &ee, the 
mucous membrane of the mouth, the anterior two thirds of 
the tongue, the lower teeth, the salivary glands, and the 
muscles which move the lower jaw in mastication. 

Hie sixlh pair (VI) are distributed eacli to one muscle of 
the eyeball on its own side. 

The seventh pair, or facial nerves (VII), are distributed 
to most of the muscles of the face and scalp. 

The eighth pair, or auditory nerves (VIZI), are the nerves of 
hearing, and are distributed to the inner part of the ear. 

The ninth pair, or glosso-pharyngeal nerves (IX), are dis- 
tributed chiefly to tongue and pharynx. 

The /en/4 pair, pneumegaslric nerves or vagi (X), give 
branches to the pharynx, gullet, stomach, larynx, windpipe, 
lungs, and heart. The vagi run larther through the body 
than any other cranial nerves. 

The eleventh pair, or sja'nal accessory nerves (XI), do not 
arise mainly from the brain, but from the spinal cord by a 
number of roots attached to its upper portion, betneen the 
anterior and posterior roots of the proper spinal nerves. Each 
enters the skull cavity alongside of the spinal cord, gets a few 
filaments from the medulla oblongata, and passes out by the 
same aperture as the glosso-pharyngeal and pneumogostric 
nerves. Outmde the skull the spinal accessory divides 
into two branches, one of which joins the pneumogastric 
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tnmk, while tlv other is distributed to muscles about the 
shoulders. 

The Iwel/ik tair, or hypoglosial nerves (XII), are distrib- 
uted mainly to the muscles of the tongue. 

The Sympathetio Herroni fiyrtem. — The ganglia which 

form the main centres of the sympathetic nervous system lie 
in two roivs (Fig 113), one on tach side of the bodies of 
the vertebra. Each gaiiyiion is vmiled by a nerve trunk with 
the one anterior and the one poslL-rior lu it. Two chains are 
thus formed reaching from the base of ilie eI;u1I to the coccyx 
and lying in tlie venlral cavity (Fig. a). 

Each ganglion is united by short brandies to neighboring 
spinal nerves, and near the hkiill to various cranial rierves also. 
From the ganglia and their uniting cords arise numerous 
trunks, forming networks in the thorax and abdomen, from 
wliieh nerves are given off to the organs situated in those 
cavities. Many sympathetic neives finally end in the walls 
of the blood vessels of various organs. To the naked eye 
they are commonly grayer in color than the cercbro -spinal 

By means of the junctions between the cranial and spinal 
neives and the sympathetic system, the brain controls the 
parts supplied by this system. 

Heire lisme. — ^Tlie microscope shows that the nervous 
organs contain structures peculiar to themselves, known as 
nerve fibrei and nerve celli. The ceils are found only in the 
brain, cord and ganglia, whereas the libres, of which there 
arc two main varieties knotvn as the while and the gray, are 
found throughout the nervous system. The white variety 
predominates in the cerebro-spinal nerves and in the white 
substance of the brain nnd cord ; the gray, in the sympathetic 
trunks and the gray portions of the brain and cord. 



THE HUMAN BODY. 



WUte Vem Fibrai consist of extremely delicate threadi, 
about I Jgg inch in diameter, but fiequently of a length pro* 
pottionall)' very great. If a perfectly fresh white netve iibre 
iH examined with the microscope it presents the at^earance 
of a homogeneous glassy thread. Soon, however, it acquiret 
a characterislic double border (Fig. 119), from the coagula- 




tion of 3 portion of Its substance, as a result of which three 
layers are brought into view. Outside is a thin transparent 
envelope called the primilae shealh or nmaHmma; inside 
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this is a fatty substance, fbrtning the medullary thealh (the 
coagulation of which gives the fibre its double border); in 
the centre is a core, the axis cylinder, which is the essential 
part of the fibre, since near its ending the primitive and 
medullary sheaths are frequently absent. At intervab of 
about inch along the fibre are found nuclei. In the course 
of a nerve tnint its fibres rarely divide ; when a branch is 
given off some fibres merely separate from the rest, much as 
a skein of silk might be separated at one end into smaller 
bundles containing fewer threads. The white matter of the 
spinal cord, brain, and nerve trunks consists largely of med- 
uUated nerve fibres, whereas the gray matter of the cord and 
brain con!,is(s Iiu-l.cIv of iicrv.' i irlls. 

Gray Nerve Fibres have no mertiillarv sHeath, and i-oiisist 
merely of 

the only ones iiiuim iii iiu' iiii:u inri' iii'iii'. 
Nerve 

and in the l i.iv nwiicr oi rne SDinai com aiiu me orain are 
found large niicieaiuu iimi nranched ceiis connected wiih the 
nerve fibres, ana canca ganglion or neme ceiis. Thev differ 
in size, shape, and nun^ber of brancnes. bu( present fairiv 
characteristic appearances. 

The cell substance is granular and contains a large. round 
nucleus with a central spot caiied the nucleolus. There are 
usually several branches whidi subdivide to lorni tree-iike 
forms. One branch, however, does noi divide, bur forms 
the nerve fibre, axu cylinder or neuron, which finds its wav 
out to other pans of the nervous system. 

It was lormeriv supposed ihat the nerve ceiis were con- 
nected with each other by means of their branches and axis 
cylinders, but it has recently been shown that each nerve cell 
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with its brandies and axis cylinder foims an anatomical unit 
and tha.t the nutrition of the branches and axis cylioder 
depends entirely upon their connection with the nerve cell. 




If l3ie nerve fibre becomes injured, the end of the fibre 
beyond the point of injury dies and is replaced by a new 
fibre which grows out from the cell. 

The Ettmctnre of Herre Centrei. — ^The nerve cells repre- 
sent the active part of the nervous tissue. Since they are 
grouped in special localities of the body, such as the ganglia, 
spiDal cord and brain, these are called aerve centres. This is 
especially true of the brain and spinal cord, which constititte 
the central nervous system. The nerve centres consist of 
while and gray nerve fibres, of nerve cells, and of connec- 
tive tissue and blood vessels, arranged together in different 
ways in different centres. 
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THE GENERAL PHYSIOLOGY OF THE NERVOUS SYSTEM. 

Hatore of Herroiu Impulie, — A nervous impulse has so 
little direct manifestation that it has been impossible to de- 
termine its true nature. It shows itself mainly in muscular 
conlraction, glandular activity, etc. It is transmitted with 
such great rapidity through the nerves (one hundred feet per 
second) that it is difficult to suppose that it is a mechanical 
or chemical process^ at the same time it is so much sloner 
than an electric current that it is probably not at all related 
to it. It is thought to be a molecular change of some kind 
passed along the axis cylinder. 

If a nerve is cut, and an electric current is sent through it, 
the contraction of the muscle attached to it shows that a ner- 
vous impulse has passed along the nerve. Ifa drop of acid 
or of a strong salt solution is placed on the end of the nerve, 
the same result is reached. Under natural conditions, how- 
ever, nervous impulses do not arise in nerve fibres, but in 
nerve cells or in special structures connected with the ends 
of nerves, as the sense organs. Experiments have shown 
that a nerve fibre merely conducts the nervous impure, but 
has no share in its foimarion or modiScation. 

The strength of the nervous impulse judged from a mechan- 
ical standpoint is infinitely less than the energy which is dis- 
charged in muscle or gland as a result of its action; it bears 
»47 
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very mach the relation to the muscular energy which the 
force required to pull the trigger of a gun bears to that devel- 
oped by the explosion of Ihe powder. The discoi cry that 
nerve cells aie not continuous with each other by lueans of 
their fibres, but that each cell and its branches, including the 
axis cylinder, forms a distinct unit, r.ompiicalcs the problem 
of the real nature nf the nervo\:s im]tiilsc. Anatoniirally 
the path from the skin through the nerve trunks to th^ 
spinal cord and theuce up to the cortex of the brain is made 
up of a number of these units. The im])ulse n-hieh travels 
from the end of the finger to the cortex of the brain to excite 
consciousness must either leap from one unit lo another in this 
chain in order to bring lis message to consciousnes.s, or the 
nervous impulse ofone cell must when transmitted along its 
axis cylinder (neuron) be able to stimulate the next cell to 
discharge a similar impulse along its neuron until the final 
stage is reached and a change in consciousness produced. If 
the latter supposition is true, the cells act as relays, and we 
have what maybe called a relay system. 

Herve Action. — When the large nerve tnink whi(^h passes 
down Che thigh is cut across, an animal loses the power of 
movement in the muscles of the leg. It is also unconscious 
of pinching or pricking of the skin of the leg; in foct, it is 
passible to mutilate its leg to any extent without giving rise 
to pain. If, however, the distal end of the cut nerve is 
pinched or an electric shock is sent through it, the muscles 
contract. If the proximal end of the cut nerve is pinched or 
an electric shock is sent through it, the animal shows signs of 
pain. 

The nerve irttnh trananil In muschs slimiiH which atuse Ihen 
to conlract {motor ttimitti). 

Setuatiom do not lie in Ihe exterior faris ry" rfe iody. 
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Nenie trunks Iransmtl stimuli which give rise to semaliOtt, ai, 
for example, sensations of pain (sensory stimuli). 




When the ventral nerve roots of spina! nerves are cut, all 
power of motion is lost in the muscles with which they are 
coonected. In this case, l^owever, the animal feels perfectly 




■ Fra-in.— lUiBtisttDstlie fBDcUonarttn moti d( tbeiplaiil DRVH. <t, Tcnlnl 

tnctini of nmi^ npplicd with flbm (rom ihe nu. Diviitd at >.— Irriuud u 
jEDoremlL [rTlutcaat4: pun produced. 

the Stimulation of the skin to which the nerve trunks are dis- 
tributed. If the distal ends of these nerves are stimulated 
electrically, it causes contraction of the muscles. When 
the proximal ends are stimulated electrically, there is no 
effect. 

T%e nerves which transmit the motor stimuli pass through the 
ventral roots 'if the spinal nerves. 

Motor nerves curry slimuli imtward from Ihe central part of 
the nervous system {iffero.: ne. vsi). 
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When the dorsal roots are cut and the anterior are in- 
tact, the power of motion in the limb is not affected, but all 
sensation is lost. If the distal ends are stimulated electrically 
or pinched there is no effect, but when the proximal rads are 
stimulated pain is manifested. 

The nerves wkiiA Iraiumil Ihe sensory ilimuli pass through 
the dorsal roots of the spmal nerves. 

Sensory nerves carry ttmuli from Ike outside of the bo^ 
toward the central part of the nervous system (afferent nervet). 

It has also been found that when an animal has been tired 
out, as a bird by flying, the nerve celb in the ventral part 
of the gray matter of the cord, vith which the nerves of the 
fatigued muscles are connected, show distinct changes in their 
microscopic structure. These changes have been interpreted 
to mean fatigue of the nerve cells. When these cells are de- 
stroyed, the i)oiver of motion is lost in the connected muscles. 

The motor nerve cells -which cause Ihe conlraclions of the 
muscles with ivhich Ihey are coumcleJ l,y nerves lie in Ike ven- 
tral cornua of the spinal cord. 

When tilt ganglia of the dorsal roots of the spinal nerves 
are destroyed, sensation is lost in the parts connected by 
fibres with the cells lying in the destroyed region. 

Sensory cells lie in the ganglia of the dorsal roofs of the 

When the upper part of the spinal cord is injured, all sen- 
sation and voluntary motion are lost in the legs and lower 
trunk; the individual becomes unconscious of the entire lower 
part of his body. If tlie sole of the foot is then tickled with 
a feather or quill, or a hot object applied to it, the foot is 
jerked away by the muscles of the leg, showing that the power 
of motion is in itself intact. 

The motor nerve cells of the cord art not a^aUe of starting 
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vobttttaiy coiUracliOnt, but depend t^on tliauli /rwn other 
ceUs. 

They may be siimulaled by strong sensory stimuli from the 
periphery to produce prolcciivc movements (reflex action). 

The seat nf sensation does not lie in the spinal cord. 

When the gray matter in certain localities of the cottex of 
the brain is lemoved, power of voluntary motion is lost for 
certain muscles. When the nerve cells lying in the same 




localities of the brain are stimulated, muscular moveiueiitK ace 
caused in the group of muscles that was paralyzed by the re- 
moval of die cells. The removal of cortical gray matter near 
the fissure ofRolando (Fig. 133) in the left side of the brain, 
for example, gives rise to paralyus of the right leg muscles ; 
the stimulation of cells in the same region causes coptrfictiQn 
of the some musdw. 
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The moinr cells irh-.di caii.ic Tolunloty muicular mtwematlt 
are seak.d m Ihe. oirh-x the. brahi. 

Definile areas 0/ .'he l„a!n eeirespmu! h certain musadur 
groups, as leg, arm, >i<ul lnnL;iie (Io\.d!hutu>it 0/ ftinclio'is). 

The molor areas of each side of Ihe brain correspond vtilh 
muscular groups upon ihe opposite side nf /he bodv. * 

Afferent NarveB. — AU sensory ncrvi-s :irc afferent ni rvfs, 
but not all afTerent nerves are sensory, since many nerves 
bring impulses inward to the central nervous system which 
do not result in sensation ; among these are the afferent nerves 
from the heart, muscles, and viscera. 

Efferent Nerves. — Motor nerve impulses have their most 
t.ingible manifestations in muscular contractions (niusculo- 
molor), but these do not constitute the most important of the 
outgoing stimuli transmitted by the efferent nerves, since they 
are also concerned in controlling the heart (cardio-molor) , the 
secretion of glands (secrelo-motor) , intestinal movements (vis- 
Cero-molor), changcii in blood vessels (vaso-mo/or) , and cellular 
activity in general (trophic i'J. 

In addition, efferent nerves have a distinctly different func- 
tion. The vagus, for example, tends to retard or inhibit the 
action of the heart, and the vaso-dilator nerves are supposed 
to diminbh the stimulation of the vaso -constrictors when they 
cause a dilatation of blood vessels. This action is called 
utASilibn, and the nerves, inhibiioty nerves. Since these in- 
hibitory results are due to nervous stimuli sent out from the 

* This is true in {general, but it is claimed that either side of the brain 
can cunlrul both sidles of the body, though it does not have to do 3D 

t Tni|i]iic iiervi:^ art IIki-c which arc supposed to stimuUtc nutritive 
chaiittos in the cell itself, thiit is. l<j lirin^ about In (be cell tiiose changed 
wliich kcej) it ill guud Wfitkiin,/ orilrr. The existence Of stich nerves has 
not been demonstrated, but is inferred. 
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central nervous system, the nerves which carry them are 

Belation between Sensation and Uotion.- — ^When a hot 
iron iii applied to the skin, muscles coiitraet so as to remove 
the threatened part from danger. As we have seen, this takes 
place even when the spinal cord is injured, provided that the 
point of injury is above the place where lie the sensory and 



Kimi «Ui vlth ia»nDln£Ung bnncha, not contiDuoni between cell* 




Fic i44-*-DiBBnin of Rflu arc (Afur Colum.) 



motor cells directly concerned. This movement is very quiclc, 
talcing only .06 to .08 Sec Exp^iments have shovn con- 
clusively that the nerve cells (sensory and motor) concerned 
in this action are located in the gray matter of the cord. 
Since the motion immediately follows the stimulation without 
the intervention of consdousne^is, it is said to be " reflected " 
and the process is called a tpimd refiex. 

If the irritation of the skin is so slight that it does not give 
rise to a reflex withdrawal, it may excite consciousness and 
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the consequent desire for withdrawal on the part of the 
individnal. Under these circumstances the least time 
required for the move- 
ment is much grealer, 
averaging .15 Sec, since 
the impulse has to be 
transmitted to the br^n 
and a much greater num- 
ber of cells have to act. 
This process is known as a 
voluntary reactiom. 
i Fonctlons of the Spinal 
c|^pP':,iViSllj't"i!; Cord. — ^We have seen 
r.i^rmli^'ri^sl'lr'Tfni that thc Spinal cord c — 




' ' lains (1) cells which Iiave 
the power of producing muscular contractions, (2) cells 
which receive sensory im])ulses from the nerve endings, 
as in the sicin, and (3) nerve fibres which connect these 
cells with the periphery and with other cells in the upper 
part of the spinal cord and the brain. Many experi- 
ments on animals with the spina! cord intact but with the 
brain dostroyeil show that Ihey are able 10 make Mmplicaied 
re/lex movements which are in ^sneral of a proiei^tive nature. 
As we study the normal individual we see that many of the 
■sudden movements made are of the nature of the spinal reflex, 
since they are done so quickly that the individual cannot 
inhibit them, as winking. We thus sec that the cord acts 
(1) as a motor centre, either in response to stimulation from 
cells in the brain, or, rcfie>:ly, in response to sensory stimuli 
in the periphery, and (z) as a conductor of nervous impulses 
from the periphery to the brain, and the reverse. 

The motor and sensory fibres which pass up th;.^rd to 
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the brain cross from one side to the other. Thus the right 
side of the body is in general controlled by the left side of 
the brain and vice versa. The sensory fibres cross shortly 
after entering the cord in the dorsal root. The motor fibres 
(TOSS mainly in the upper part of the cord, where they may 
be rec6gnizcd as interlacing bundles. These motor and sen- 
sory fibres find their way thiough the length of the spinal 
cord in &irly well defined columns or tracts out^de of the 
gray matter. 

Foactioiu of the Bpinal Bnlh (Hednlla Oblosgata). — ^The 
^nal cord at its upjter part, just before its union with the 
br^n, expands and opens out, exposing the gray matter on 
its doisal side. This expansion of the cord is called the 
j^tW bulb or medulla oblongata. Experiments have shown 
that nerve cells in the spinal bulb include among others those 
which have direct control of the heart beat and of respira- 
tion. These centres have been described as automatic, but 
it is probably not tnic tliat they are aiilomalic in the sense 
that thoy initiate the muscular contractions of the heart or 
resi)iralory muscles without any stimulus coming to them. 
They are doubtless reflex centres and are stimulated from 
without, jirobably by the condition of the blood** When the 
spinal bulb is injured death results from the cessation of ihe 
heart action and of breathing. Hence it is one of the vital 
centres of the nervous system, 

EniictiDiis of tile Cku^lia of the Brain. — la. the base of 
the brain, covered over by the cerebral hemispheres, lie 
isolated patches of gray matter known as Uie basal ganglia. 
The functions of these are not well understood since oipeii- 
mental evidence is more or less contradictory, owing to the 
difficulty of performing experiments without injuring adjacent 
nerve fibres. 
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Pnnctioiu td the Oeiebrnm. — ^Wlien the ceretiEat hemi- 
spheres of a pigeoQ are destroyed and the rest of the body is 
in a normal condition, the animal can still control its muscles 
so as to execute many movements, but gives no sign of con- 
Eciousoess. Left to itself it vill stand still until it dies ; com 
and drink placed before it arouse in it no idea of eating ; it 
will die of stairvation surrounded by food. Yet it can move 
all of its muscles, and if food is placed in its month will swal- 
low it. If its tail is pulled it will walk forward ; if it is put 
on its back it will get on its feet; if it is thrown into the air 
it will fly until it strikes against something on which it can 
alight ; if its feathers are ruffled it will smooth them with its 
bill. 

The difference between a pigeon in this state and an un- 
injured pigeon lies in the absence of the power of foiming 
ideasor of initiating movements. It has no thoughts, no ideas, 
no will. We cannot predict what an uninjured pigeon will 
do under varying conditions; wc can predict what the pig- 
eon with no rercbral hL'mis|>lieros will do; it is a mere ma- 
chine or instrument, which can t)e played upon. In such a 
pigeon the excitation of any given sensory nerve excites 
retlexly the nerve centres of the spinal cord and brain, 
which cause certain muscles to contract, resulting in the 
satne invariable movement. The pigeon cxhiliiis no evi- 
dence of possessing l oiiscionsness ; it has no (Wrc'S or emo- 
tions ; it slays quid while left to itself, nnil reacts rellexly 
when any stimulus is given to it, and always in an unvarying 

In human beings, accidental injury to parts of ihc brain 
and disease Iiave made it possible to study the associated 
losses of power. This evidence confirms the inferences based 
upon experiments on the lower animals, and shows tliat i n the 
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human brain the fiinctinns are dislriliiittd in imiHi Ihc s,tjiic 
way as in dogs and pijjcons. All actions directed iiy volun- 
tary attention thus find their origin in the nene tells of the 
cerebrum. 

Brain Localization.— A?: we have seen, certain portions of 
the corlM of the cerebrimi are associated with definite niovc- 
iiicni'; 1)1 ino iimiis. mi.. fhese motor areas have been 

niaijueii oiii wiin so lin; .'arness that in a number of cases 

oi uiir.'iivsvi iiue lo iiriiin iiiiiior the surgeon has confidently 
cm into tne iit;iin in ;i iieiiiDie spot and located the trouble. 
I'.xiicnincnis snow, noweviir. that the movements which are 
i:iiuM'<i iiv siMiiui;iiioii oi iiie l ells in these areas are complex 
or picking up objects, involv- 
ing a iniiiiDi r iii iiuim u.:; which are definitely controlled 

.niice iiu: iiioiot cciif: 111 iiie spinal cord act upon single 
iiiircs i>i niiiJiCK's. iiu rc ;ii<.' iioubtless intermediate motor cen- 
of the cortex of the brain and 
he lord whuh liaic the ]iower 
oi i-oniroiiiUL' larL'i: nuniDeni of spinal motor cells and iinify- 

I ins 111! i:iiiiiiiMii is somewiiat similar to that existing inn 
laiKJiv. iiie iiuiiviuiiai workmen correspond to the spinal 
niiuoi eeJjn ; ino loiemcn wiio oversee the work of these men 
corrisiioiid 10 uie inierme'iiiin' cells ; and the superintendent 
WHO lias civiri,'!' iii ini' niri'iiiiin, and hence of Ihe whole es- 
e cells of the brain. 

I lie ii'uin-i fii I lu' 1 1 1. 1 IN :i;.sociated iviih the sense organs, 
a.s ML-eiiig aiul lieaiiiii.;. ;iie pretty definitely localized, but 
those which have to do with intellectual processes, as mem- 
ory, reasoning, and association, have not been definitely 
localized. Doubtless they have no definite ]ac£dization, since 
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each process probably involves one phase of the activit)? of 
many groups of brain cells. 

Interoeatral Fibres. — It is easy to see that the various 
processes which thus call into play large numbers of brain 
cells necessitate nerve fibres to connect the cells of different 
parts of the cortex. These fibres are called vttercentral or 
commissural iibres and take their paths between the brain 
cells, without passing out of the cranium, 

FnnotiOiiB of the Gerehellnm. — When the cerebellum is 
T^noved from animals they stand and walk unsteadily, stag- 
gering and fluttering with many useless movements. The 
muscles tend to contract in a less purposeful way and with less 
vigor. The manifestations permit little of definite inference 
except this, that ihe cerebellum is concerned to some degree 
with the co-ordinalion of muscular contractions. It is a large 
organ, and it is to be inferred that it has important functions ; 
their definite values, however, are not yet well determined. 

Hodes of Nervous Reaction. — The sim])lL-it mode of re- 
action is a spinal reflex, such as the instant withdrawal of the 
hand upon coming into contact with a hot stove. The re- 
sponse is ini mediate, .always the same, preceded by no con- 
ception of the movi^iiient to be made and by no consc:ious 
memory of the means of making it. The sensory stimuli pass 
up the afferent nerve to the sensory cells, which in turn in- 
fluence other cells until finally certain motor cells are selected 
and stimulated to send impulses down the efferent nerves 
which result in a complicated but co-ordinated contraction of 
a number of muscles, producing a protective movement. A 
voluntary reaction is more complicated. When a bright ball is 
held before a child, the light waves enter the eye, are trans- 
lated in the retina into nervous impulses which travel along 
the afferent nerves to the optic sensory centre of the brain. 
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The cells of this centre communicate with appropriate centres 
through intercentral tracts and a desire for the ball results. 
Motor centres are then stimulated, beginning probably with 
the arm group of the cortex and ending with the motor cells 
in the spinal cord. These latter cells, thus selected and uni- 
fied in their action by the higher motor centres, stimulate the 
muscle fibres to produce by their contractions the definite' 
movements which give possession of the ball. This mode of 
action cannot be predicted, involves consciousness, and wky 
even permit considerable delay between the stimulation and 
the response, as in the case of one whose de^re to visit 
Europe, aroused by books of travel, finds motor completion 
only after the lapse of years. 

The line between reflex and voluntary reaction cannot be 
shatply drawn in ordinary activity. Voluntary reactions tend 
through constant r^etition to have reflex characteristics in 
that the motor response follows directly upon the sensory 
stimuli, as in walking. The cells, at first directed by con- 
sciousness, have become trained to tlo their woric without its 
supervision, but doubtless tlie same motor cells are involved 
as in a corresponding voluntary reaction. 

The Use of Keflex Centres is to relieve the thinking cen- 
tres of the vast amount of work which would he thrown upon 
them if every action of the iiody had to he planned and willed 
at each moment. Were not tlie iinconscioMS regulating nerve 
centres always at work the niind ivoiiki be overburdened by 
the mass of business which it would have to look alter. No 
time would be left for intellectual development if we had to 
think about and to will each heart beat, each inspiration and 
expiration, and the swallowing of each mouthful of food. 
Sleep would be impossible, and life as we know it could not 
be maintained. 
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Habitt. — Every time a nerve cell ads in a given way, it 
becomes easier for it to repeat the action; as a result 
many actions whicti are at fiist performed only with trouble 
and thought are executed easily and unconsciously. The act 
of walking is a good instance ; each of us in infancy learned to 
walk with much pains and care, thinking about each step. But 
the more we walked the more the nervous system became 
trained to adapt die muscular movement to the guidance of tlie 
nerve impulses from the sole of the foot At lastUiecontact of 
the foot with the ground, stimulating some sensory nerves, acts 
so readily on the "nerve centres of walking" that consdous- 
ness need take no heed about it : we walk ahead while think- 
ing of something else. Other instances will readily come 
to mind, as the difSculty with which we learned to ride, swim, 
or skate, when obliged to think about and will each move- 
ment, and the ease with which we do all these after a little 
practice. The trained nerve centres then do all the co-otdi- 
nating work and consciousness has no more need to trouble 
about the matter. A habit simply means that the unconscious 
parts of the nervous system have been trained to do certain 
things under given conditions. 

We thus find, in the tendeiiry of the nervous system lo go 
on doing what it has been trained to do, n physiological rea- 
son for endeavoring to form good and lo avoid l);id haiiits of 
every sort. Every thought, every at:tion, leaves in the ner- 
vous system its result for good or ill. The mote often ive 
yield to temptation tlit: stronger the elfort required to rosist 
it, whereas every resistance of tcm]itation helps to make sub- 
sequent resistance easier. 

Growth of the Brain. — The nervous system in the human 
being grows more slowly than any other part of the body, for 
while the nerve cells are complete in number in childhood. 
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yet their branches aiid consequently their means of communi- 
cating with other cells are not fully developed until much 
later, even as late as the twenty-fifth or thirtieth year of life. 
As we have seen, the power of the nervous system to co- 
ordinate the activities of ihe body depends very largely upon 
the number and extent of these branches. In this lies, in part, 
the explanation of the slowness with which the mental power 
of the child develops and the fact that ripe judgment, which b 
the final test of nerve action, is found only in the mature man 
□r woman. Much of the precocity which isnot rare in child- 
hood is due simply ta an cxcepliunsl niemory, nnd does not 
mean real intellectual forte. 

Hygiene of the Brain. — Tlie brain, like the muscles, is 
improved and strengthened by exercise and injured by over- 
work or idleness. A man may especially develop one set o( 
intellectual faculties and leave the rest to lie fallow until, at last, 
he almost loses the jiower of using them at all. The fierce- 
ness of the battle of life especially tends xo produce a one-sided 
mental dcveloi>meiit. The business man, for examjjle, be- 
comes only too frequently so absorbed in money-getting that 
he loses the intellectual joys of art, science, and literature, and 
becomes a mere money-making machine. The scientific man 
has often no appreciation of art or literature, and the literary 
man is utterly incapable of sympathy with science. A good 
collegiate education in early life, on a broad bads of mathe- 
matics, literature, and natural science, is the best security 
against such deformed mental growth, 

Be»des exercise, the greatest need for the healthy develop- 
ment of the biiun is sufficient sleep. The infant sleeps 15 
to 30 houis, the young child tt to 14, and the boy of 
high-school age should get 9 to 10 hours of sleep. Those 
who are using the brain require more sleep than those who 
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are doing muscular work, and no student can safeljr sleep leas 
than nine hours. 

In order that the brain may keep in its best working order, 
it must work wi(h ease and jileasure. Probably no condition 
is SO important in keeping the nervous system in a healthy 
Gtate as enjoyment of work and cheerfulness in daily life. 
Flays and games which give the keenest enjoyment, eq>edally 
if involving phyucal activity, arc of the utmost importance 
for the well-being of this master tissue of the body. 



CEtAPTER XXL 

THE SENSES. 

Common Sensation and Special Senses.— Changes in many 
parts of our bodies are at coin pan led or followed by states of 
consciousness which we call sonsaliom. All such parts (sensitive 
purls) are in connection, direct or indirect, with the brain by 
sensory nerve fibres. Since all feeling is lost in any region 
of the body when this connecting path is severed, it is clear 
that all sensations, whatever their primary eyciling eaase, are 
finally dependent on conditions of the brain. Since all nerves 
lie within the body as circumscribed by the skin, one might 
be inclined to suppose that the cause of all sensations would 
appear to be within our bodies themselves ; that the Ihing felt 
would be recognized as a modification of some portion of the 
person feeling. This is the case with regard to many sensa- 
tions : headache, toothache, or earache gives us no idea of 
any external object ; it merely suggests to each one a particular 
state of a sensitive portion of himself. As regards many 
sensations this is not so ; they suggest external causes, and we 
ascribe the sensations to the external objects as their properties. 
Thus they lead us to the conception of an external universe in 
which we live. A knife laid on the skin produces changes in 
the skin which lead us to think that we feel a cold heavy hard 
thing which is not the skin. We have, however, no sensory 
nerves going into the knife and informing us directljr of its 
363 
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condition; what we really feel are the modifications of the 
body produced by the knife, although we irresistibly think of 
them as properties of the knife. If, however, the knife cuts 
through the skin, we cease to feel the ini/e and experience 
pain, which we think of as a condition of ovirselves. We do 
not say the knife is painful, but that tho- finijer is,-and yet we 
have, so fiir as sensation j-oes, as nmrh rc^ison to call the knife 
painful as cold. Applied one way it piodaccd local changes 
in the skin arousing a sensation of cold, and in another local 
changes causing a sensation of p^n. Nevertheless in the one 
case we speak of the cold as being in the knife, and in the 
other of the paiti as being in the finger. 

Those sensitive parts, such as the sur&ce of Ae skin, through 
which we get information about the outer woild are of far 
more intellectual value to us than such parts, as the subcutane- 
ous tissue, which give us sensations referred only to conditions 
of our own bodies. The former are called organs of special 
iense ; the latter possess common senmlion. 

Common Sensations are numerous, as, for example, pain, 
hunger, nausea, thirst, satiety, and fatigue. 

Htmger and Thirst regulate the taking of food. Local 
conditions play a part in theit production, but general states 
of the body are also concerned. 

Himger in its first stages is due to a condition of the gastric 
mucous membrane which comes on when th<; stomach has 
been empty some time. It may be temporarily stilled by 
filling the stomach with indigestible substances, but soon the 
feeling comes back intensified and can be allayed only by the 
ingestion of nutritive materials. Provided that these are 
absorbed and reach the Iilood their mode of entry is not 
essential; hunger may ht: siaycd by injcotions of food into 
the intestioe as completely as by Riling the stomach with it. 
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Similarly, thirst may be temporarily relieved by moistening 
the throat without swallowing, but soon returns; whereas it 
maybe permanently relieved by water injections into the veins, 
without wetting the throat at all. 

Both sensations depend in part on local conditions of 
sensoiy nerves, but especially on the poverty of the blood in 
foods or water, which leads to changes in nerve cells. It has 
even been inferred that there are hunger and thirst centres of 
the brain which are thus stimulated. 

The Special Senses are commonly described as five in 
number, sight, hearing, touch, smell, and taste, but to these 
we miisl add several others. 

The Visual Apparatus consists of nervous tissues immedi- 
ately concerned in giving rise (o sensations, supported, pro- 
tected, and nourished by other parts. Its essential jmrts are 
(i) Ihe re/ina, a. thin membrane lying in the eyeball and con- 
tuning microscopic elements ^vhi^■h are so acted upon by 
light as to stimulate (2) Ihe opik m-i-vc; this nerve ends in (3) 
the vitual centre of the brain, which when stimulated arouses 
in our consciousness a feeling or semalion 0/ sight. The 
visual centre may be excited in very many ways, and quite 
independently of the optic nerve or of the retina, as is 
frequently seen in delirious per»ins, in whom inflammation or 
congestion of the biain excites direcdy the visual centre and 
gives rise to visual hallucinations. 

Usually, however, the cerebral visual centre is excited only 
through the optic nerve, and the optic nerve only by 
li^t acting upon the retina. The eyeball, containing the 
retina, is so constructed th^ light can enter it, and so placed 
and protected in the body that as a general thing no other 
form of energy can act upon it so as to stimulate the retina. 
Under exceptional circumstances wc may have si^t sensa- 
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tions when no light reaches the eye. Anything whichstimu- 
lates the retina, so long a> it is connected by the optic nerve 
with the cerebral visual centre, will cause a sight sensation. 
A severe blow on the eye, even in complele darkness, will 
cause the sensation of a flash of liglit ; the compression of the 
eyeball excites the reliiia, the retina excitcj the optic nerve, 
the optic nen'e the visual nerve centre, and the result is a 
sight sensation* 

The Eye Socket. — The eyeball is lodged in a bony cavity 
the orbit, open in front. Each orbit is a pyramidal chamber 
containing connective tissue, blood vessels, nerves, and much 
(at. The fat forms a soft cushion on which the back of the 
eyeball ioUb. 

Ih« Eydidi are folds of skin, strengthened by cartilage 

* The fiict that sight sensatlans may be BnMiHd quite Independentt)' of 
all l^bt iding upon the eye is patalleled by similar phenomena in re- 
gard bi other senses, and Is of fundamenul psychological and metaphys- 
ical importance. That a Wow on the closed eye gives rise to a vivid 
light sensatEun, even in Ihe alsence of alL actual W'gM. proves lhat our 
seiisalion oF li^lil is a <lilT<^Kiit ihiii); from lighl W'.'M. The visual 
sensory appa^.^lll^, it lrui>, is so iimslnitleil i.iiiL priilecteil thai of 
tlie forces of r..ilun;, is 111.- one whiili fir more frt^|iicntLy stimulates 




IsteJ causes ,i iij;lit seii-iCi-m, ii-hel[i.'r il in- l^eli -;«ul.',l t,. li^l.t, liy a 

a blow on tlie eat, or by di5eB^e of tlie .lurliiory ofi;an. Une kind 
energy, light, excites more oflen than any niher the visual nerve appa. 
ratus; another, taund, Ihe auditory nerve apparatus; a third, presiure, [lie 
touch nerve organs. Hence we come to associate light with visual sen- 
ntionsand to think (£ it as somethii^ like our sight feelings; to imagine 
sound ai something like our auditory sensalionE; and so ■forth. Ai a 
'matter of &ct both light and sound are merely movemenli oTetlieroralr; 
It 1b our own stimulated nerve centres which proiluce visual and 
auditory sensations; the ethereal or aerial vibrations merely act ai 
the stimuli which give rise to nervous Impulses in the nervous appaiatui. 
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and moved by muscles. Opening along the edge of each 
eyelid are from twenty to thirty minute glands, called the 
Meiiomian /icicles. Their secretion is sometimes abnormally 
abundant, and then appears as a yellowish matter along the 
edges of the eyelids, which often dries in the night and 
causes the lids to be glued togetlier in the morning. The 
eyelashes are curved hairs, arranged in one or two rows along 
each lid. They help lo keep dust liom falling into the eye, 
and, when the lids are nearly closed, protect it from a daz- 
zling light. 

The Lachrymal Apparatus consists of a tear gland in each . 

orbit, of ducts which carry its secre- 
tion to the upper eyelid, and of 
canals by which this, unless exces- 
sive, is carried ofT from ihe front of 
the eye without runniiii; down over ^ 
the face. The lachrymal or tear 
^/.fBi/, about tlie size of an ahiiiiiiil. i- 
lies ill tile upper and outer corner ot i i 
the orl.il. It is a componnd rart- 
mose gland, from which twelve or fourteen dm is run and open 
on the inner surface of the upper eyelid at its outer corner. 
The secretion spreads evenly over the exposed [rart of the eye 
by the movements of winking, and keeps it moist. It is drained 
offby two/nc^rjwa/ canals, one of which opens by a small pore 
on an elevation, or papilla, near the inner end of the margin 
of each eyelid. The aperture of the lower canal can be readily 
seen by examining its papilla in front of a looking glass. The 
canals run inward and open into the lachrymal tac, which lies 
just outside the nose, in a hollow where the lachrymal and 
superior maxillary bones (£ and Mx, Fig. i6) meet.' From 
this $ac the natal iAat/ proceeds Eind opens into the nose 
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in/ernal, superior, and in/erior. Each muscle when contract- 
ing rotates the eye toward itself. Two muscles, the obligue, 
are attached to the sides of the orbit and inserted into the 
eyeball behind the recti. 

The motions of the eye produced by these muscles are 
chieHy from right to left and up and down. A combination 
of these two motions permits the eye to l>e turned In any di- 
rection. The eyes are so controlled through the nerves stim- 
ulating the muscles, that the axial lines of the globes of the 
eyes converge to pass through whatever object is looked at ; 
hence the axes of the eyes are parallel to each other only when 
one looks at a distant object. 

The Globe of the Eye is on the whole spheroidal, but con- 
sists of segments of two spheres (Fig. iz8). A portion of a 
sphere of small radius forms its anterior transparent part, and 
is set upon the front of its posterior segment, which is part of 
a larger sphere. In general terms it may be described as con- 
sisting of three coati and three re/racling media. 

Hie outer coat (i and 3, Fig. laS) consists of the sderoHc 
and the cornea. The cornea is transparent and is situated in 
front ; the sclerotic is opaque and white and covers Qie back, 
sides and a part of the front of the globe, where it is seen 
between the eyelids as the whiie of the ey^. Both are com- 
posed of dense coimectiTe tissue and are tough and strong. 

The second coat consists of the choroid (9, 10) and the 
iris (14). llic choroid consists mainly of blood vessels sup- 
ported by loose connective tissue, which in its inner layers 
contains many dark brown or black pigment granules.* 
Towards the front of the eyeball, where it begins to diminish 
in diameter, the choroid separates from the sclerotic and turns 

* In pink.ey«d rabbits and occasloiially in human beings this pigmml 
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ill to form the iris, the colored part of the eye which is seen 
through the cornea. In the centre of the iris is a circular 
dark aperture, the pupil, through which light reaches the 
ioterior of the eyfJiall. 




The third or innermost coat, the retina (15), is the essential 
part of the eye, since in it the light produces those changes 
that give rise to nervous impulses in the optic nerve. It lines 
the posterior half of the eyebalL 

The Hioiosoopio Sttnotnie of the Retina is very com- 
plex; although but inch in thickness it presents ten dis- 
tinct layers. 
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Beginning (Fig. 139) with its front or inner ade we find 
the Miema/ Imi/mff membrane (i), a thin strucluieless layer ; 




the nerve fibre layer (a), formed by radiatng fibres of the 
optic nerve ; the nerve cell layer (3); the imer molecular layer 
(4), con^Bting partly of very fine nerve fibrils, and lai^y of 



THE ms. aJ3 

\m 'mASVi -wi^h the *t^t at aw: cK>^ (F^ig.. tji.), 
holding the page vertically in front of the lace, aa 0 moving 



it alternately from and toward you. When the book is about 
ten inches from the eye the white disk enticdy dia{)pear5.fi'OBl 
view because its image then falls on the part of the reEina 
where the optic nerve enters, 

light consists of vibration'^ ':i ct'ir'- which pervades 
space. An object which scls uji iio wavi'S :ii the ether does not 
excite the visual nervous apparatus, and appears black ; an 
object which sets up ethereal vibrations capable ol exciting the 
rods and cones of the retina appears white or colored. 1 he 
ethereal vibrations enter the eve through tlic cornea, pass 
on through the pupil .iml U ns to stimuialc the retina. 

Tlw Ira.— In ihr fnml poTlion of the eve behind the 
transparent cornea, and floating in the atjueous hiuiior, lies- 
a colored curtain (the ins) which fonns a circle, with a hole 
(the pitptl) in Its centre. The ins has muscular fibres which 
enable it to make the pupil larger or smaller according as the' 
Bght IS &ini^ ts brii^ Ali'the ligh^-nbic^go^.K) the mm. 
■pmt pas thr6i^ &e fn^l, and fta It^tnesK f£ 4e mnget 
on the-tetiBa- » A'e&mekBk Bp<w ttieraiarijei of H^^wirfii 
{ad theif-wf through ; l^eiu^a large ^jemng^ves bij^it^t 
images^hana ^nall cme. The ms by its actji^nient of the 
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size of the pupil thus reflexly controls the amount of Hght 
and keeps the retina from injurj' by excess. It has another 
function; when we look at near objects the pupil hccomes 
smaller than when we look at distant ohjec ts.* Tiie iris thus 
acts as the diaphragm of a camera, since it is possible to form 
a sharp image of a near object only with a small Inindit; of 

When there is little light, as at twilight, the pupils are large 
a4d tb6 cannot make distinct images, even of distant ob- 
jects) hence .everything seems blurred. 

The Sefraoting SnifoaeB of the Eye are three in number ; 
(i) the anterior surface of the cornea, (2) the anterior sur- 
face of the crystalline lens, and (3) the posterior surface of 
the crystalline lens (Fig 128). These surfaces act together 
IDce^ a (:Qny£x letis, to hsnd the rays. lijiht which |>ass 
thrfHjgh fli^ (?ig. 13s), so *hat all tlwRK'Hrttj^^start. flotn 




point 9f dte Fetiita> InalifeWGayOTaHanAinvertsJSnagesef 
the Directs f& w^ch we look are formed on the retina, and: 
.stimu^e its iods and cones. 



'Tlhis change of pupil ea.11 be reailily seen in another's eye by pressing 
'tli<t1i^nd OTec A.:fi)r> numienl or Iwu and then leinuving llie hand. 
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AOGommodation.— In the healthy eyeliall the crystalline 
lens IS controlled by muscles which change its convexity, 
maiing It greater when we locJc, at near, and less when we 
look at distaotj object. Sending at a window behind a lace 
CQitain iveean^oii ai the curtain and see its threads plainly, 
but^i^ule' so doing we see houses on the other side of the 
street ^lM^»tHlCtIy, because tjie coni'e\ity of the lens is such 




as to focus light on the retina from the near object, and not 
from thedistant. We can, however, "fociis"' on Uie.homes 
ovra the way affld see them plainly ; bitt^Kttiwno toiler 
isee tite cu»3iii dfstinctly). because tite l«as h^: imaged 
form to focus H^t {him the lar object otti '£h& retios'. 'llie 
eye relaxes to focus on i^satit ohject%..aad:!a nuismkEi-e^rt 
IS necessary to incrMBS'^ie- coiw«iEit}?'a6:^. l8n^.ii&--a«»eiT 
modale, for near objetas, 

8biEt Siglii Ks^taws S^iU.— la tjie ^«ainal Q/e^in^age 
of ztscxsmx^nia^fjia i;very great, n^tii^ it ^o^itA? "Ss feois^ 
on ^^css ^^f&^-i 4)staat or t»tty ^ or eig^ jtiches 
Jfom ^ i^t^e :Iw the ^ite^ "^e i^exaiH 

l^G ^^mt (m i(tm^ ^t^m, -w'h^ fte mwE^ miti!ctii% 
xiyst^ne lens £be ^Ked fOiA the lem is at its flaUest 
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(A, Fig, 134). Siirli eyes are em>neln,pic or <mrmai. In some 
eyes the eyeball is eloiigativl \\\»-\\ \»\\ .■u-r(iiiiinfiil'iT,.(^ 




ot^p=.Ji'i~ays^j'rtr t'[iKmi|.''',i,i''^i.C-!'- cfort to Increase tlie con- 
!™p'c/acyc. ^ ''yp=™'=- verging power of the lens ; 
and whtn objetls are near tlicy c annot bring the rays pro- 
ceeding from tlieni to a foeiis soon enough. To get distinct 
retinal images of near objects, they therefore need converging 
(convex) spectacles. Such eyes are called hypernio/ropic or 
/ar -sighted. 

Astigmatigm. — The refracting surfaces of the eye acting 
together are equivalent in refracting jjoiver lo a single, spher- 
ical surface of fairly short curvature. Frequently, however, 
the result is not the same as would be given by a perfect 
spherical surface, owing to incipialities in the curvature of the 
eye. In one direction the curvature may be greater than 
that at right angles lo it. This tendency to a cylindrical 
form is called ashgmalism. It interferes with the forniatioD 
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HYGIENE OF THE EYES. 3JJ 

uf ptrfL-ti iDiani's and somcumcs leaas to serious eye strain id 
the effort to better thi: vision. Astigmniism may be de- 
tected bv looking at blaek lines radialiiiL. from n lininl 




appear gray :nid others bl; 
fo 1 
vh h q 

Hygiene of the Eyes.- 
strucied ihai when ii is not 



Cray portions are out 
iiroper cylindrical glas 



d f 



h h J 1 h 

lehi should always lead to e 



This 
1 of the 



kind of far-sightedness i. 



s common, due to sttff- 
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ness of the crystiiiiiiii: iiriis. ii iik.ii <iiiiiiin (".:( iieiii; i:iuivl'x 
enough during aci oiiimfiii;LUi)ii hi kriis uic inriuc i ui in."ir 
objects on the retii};i. 
Short-sighted f 

-formerly, especialiv iti tiiose wno use liu: eves eiinsiiiniiv m 
shoTt range. Myopia is rare among those who live mainiy 
out of doois. It isnocsoapi: to leau to permaneni injury 




of the eye as hyperiiielro|iia.. but the eHort to see dis- 
tiiietly any but near ubjeets ii> a]jl to ]inidiic;e headaches 
and other symptoms of nervous exhaustion. hve strain 
frequently shows ilself in headaches and j^eneral nerv'ous 
symptoms which do nol appear to he associalcd with the 
eyes. They are, however, reheved wlien llie eyes are cor- 
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reeled by glasses. Tlie general heallli also reacts upon 
the eyes and tends to ejiaggcraie the nervous effects of eye 

Hearing. — Tlie ear (Fig. 136) coiii.ists of three portions, 
known respectively as ilie exiernal ctir, tlie innkllc car, and the 
interna! ear or labyrinth. The latter is the essential hearing 
organ since it contains the ends of the auditory iietve fibres. 

The External Ear consists of the expansion (Mj, seen on 
the exterior of the head, railed the concha, and a passage 
leading in from it, the external atidilnry meatus ((?). This pass- 
age is closed at its inner end liy Ihe lympatuc inemhrane OT drum 
(71. It is lineil liv a DrnloiiLMtion nf tlie sliiii. ihrouiTh whirh 
numerous smaii giands. secreting me wax or me ear. open. 

The Middle Ear. or arum chamber of che ear (Fig. ivj 
and P, Fig. i.,6), is 
an irregular cavity in 
the temporal bone. 
Closed external IV uv 
the drum membrane. 
From Its inner side 
the Euslachum luoe 
(X, Fig. 136) pro- 
ceeds and opens into 
the pharynx. This 
tube allows air from 
the throat to enter the 
cavity, and serves to 
keep equal the armos- 
phe c p e e on S 

ach side of tne arum ounvn.o.me 1 ,>,iriesl.ipea, oralinup bont. 

membrane.* Three small bones (Fig. iti) stretch across 
• Frequendy the inflammiUon of eore throat extends Into the Ensta. 
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the cavity from tlit drum mcmbrant^ lo the l3l)yrinlh ; they 
transmit the vibrations of the metiibrane, iirodiiceil by sound 
waves in the external air, to the liquid of the labyrinth. The 
outmost bone is the hammer or malleus ; the itiniosl, the slirrup 
or stapes ; and the tniddle hone, the anvil or incus. 

The Internal Ear, or labyrinth, lonsists ]irimarily of 
chambers and tubes hollowed out in the temporal bone. 
The i:iiddk chamber, Mlled the vestibule ( Fig. 135), has 
an opening, the m\il /onimcn {0), in its outer side, into which 
the inner end of the staphs fits. Behind, the vestibule opens 
into three semicin utixr canals (one of whicii is shown at B, 
Fig. 135), and in front into a spirally toiled tube (5), the 
cochlea. In these bony chambers and tubes lie membranous 
chambers and titbcs, in which the fibres of the auditory nerve 
(-■), l'')g, 135) end. .'\ll the labyrinth chamber outside these 
membranous parts is oci u[iitd by a watery liquid, known as 
perilymph. The membranous chambers are filled with a sim- 
ilar liquid, the ouMymph. 

The cochlea consists essentially of a tube roiled u|)on itself 
something like a snail shell. I'artiiions running through the 
length of the tube divide it into three (avities ( I' ig. 13S), 
the middle ami triangular-hhapud cavity, which coniains the 
auditory nerve terminals, and two side cavities. J^iach cavity 
is filled with endolymph. The membrane which divides the 
lube into nearly equal parts is called the tmsilar membrane. 
This supports the slruclnre known as ihe •,r_^',!': a/ Corti \a 
which Ihe nerve termin.ds end bi-. i ;.S!. The rods and 
cells ivhit.h form the organ of L'orti are coEitin.ied with the 
basilar membrane throughout the length of the toi hiea. The 

c\i 'an liilic .itiil L'Ui<es il. The air In the cavlly of (lie miildlc ear ii tben 
iIisorlK-d unit |>.^nnits the extenial air to press lb? 4riini in, producing 
mcire or less Jeafness. 
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organ of Corti and the basilar membrane form a series of 
vibrating cords with corresponding nerve apparatus for re- 
ceiving vibrations transmitted from the bones of the ear 




through the endolymph of the ear and for transforming them 
into nervous impulses. The vibrating cords of the basilar 
membrane are so arranged that they can respond to vibratioQ.i 
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vaijing in rapidity from 30 to about 30,000 per second. 
Bach portion of the membtane has its own rate of vibration 
and is set in motion by vibrations of the same rate trans- 
mitted to it from the external air. Any vibrations in the en- 
dolymph will pick out the portions of the basilar membrane 
with corresponding vibrations and thus selectively create ner- 
vous impulses in the corresponding nerve terminals in the 
organ of Corti. 'I'hcse impulses Iransmitlcd to the auditory 
centre give rise to sensations which tve recognize as sounds. 

Sound. — The sensation which we know as sound is origi- 
nated by oscillations j^roduced in the air by vibrating bodies, 
such as a piano string or an organ pipe. A musical lone is 
caused by a regular succession of such oscillations. Loud- 
ness depends upon the extent, pilch upon the rapidity of 
vibration ; slow vibrations give rise to deep, rapid vibra- 
tions to shrill, tones. A i6-iuc:h orjrau \ti\K and the lowest 
string of the piano give aboLit 33 vibrations to the second, 
their octave 66, and so on, doubling for each octave. A 
pure tone is of one pitch throughout, but each vibrating body 
gives out a complex sound made up of the vibration as a 
whole {/undamcnlal lone), together with vibrations of parts 
of itself {over/ones'). The quality which enables us to dis- 
tinguish between a piano and a violin, an oigan or the bunwn 
voice, depends upon the richness and character of these over- 
tones. It is called color, or HnAre, 

The Bemidronlar Oanali are associated with the sense 0/ 
eqitiJibrium. 

Nerves are distributed to the ends of the Eemlcircular 
canals and terminate in cells with iain (fig. 139). These 
hairs project into the endolymph of the cavity. They 
are arranged so that when an individual is standing one 
canal of each «ar is horisontal, the second is vertical 
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Bntero-posteriarly, and the third is in the vertical plane 
at right angles to the second. 
Motion in any direction 
gives rise to a movement of 
endolymph through the hairs 
qf the cells, just as water in a 
bucket which is suddenly 
rotated moves along the 
inner sur^e of the bucket. 
This causes pressure upon the 
hairs and leads to the trans- 
mission of nervous impulses 

which in turn give rise to ^.^^ ^ ^ ^ iiheiium m mr 

the sensation of movement 

and equilibrium. Persistent dizziness has frequently led to 
diagnoses of disease in this region. 

Skin or Dermal Sensei. — Many sensory nerves end in the 
skin through which we get several kinds of sensation. When 
3 pencil point is pressed against the skin, we have a sense of 
touch and of pressure ; when pressed very strongly, a sense of 
pain. When the point is pressed very lightly upon various 
points an occasional cold point is discovered. \Vhen a warm 
point is applied the si:nse of warmth is dislmct and strong at 
certain points in the skin and weak at others. Each special 
sensation is probably ihie to a special nerve ending and nerve, 
capable of translating the stimuli (whether change of tem- 
perature, pressure, etc.) into nervous impulses which give rise 
in the brain to the corresponding sensation.* 

By combinations of these sensations we get the charac- 

* This Is a marked illiutcatiim of the feet that neives transmit special 
kinds of nerroMS impulses o;' have s|iecilic energy (tpaifie cmt^ iif 
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teristics of the objects that we touch, of hardness, softness, 
smoothness, roughness, heat or cold, size, if the objeti is 
small enough to be received as a unit, and number, if several 
objects are applied to the skin at' once, provided they are not 
too near together. 

The Looalizatlon of BMn Sensatioiu.— When the eyes are 
closed and a point of the skin is touched we can with some 
accuracy indicate the region stimulated; because, although 
tactile feelings are alike in general characters, they differ in 
something {local sign") besides iiitciibity by which we can dis- 
tinguish them as originated on certain parts of the skin. 
The fineness of the localizing power varies widely in different 
skin regions, and is measured by observing the least distance 
which must separate two objects (as the blunted points of a 
pair of compasses) In order that they may be felt as two. 
Tlte follawing table illustrates soiiie of the differences ob- 
served: 



P»1in side of last phalanx of finger 

Red pan of lips 




Tip of nose 


6,6 mm. 


Djick of i<;coii<l phala.nx o£ linger 

Hgd , 




Back of hand 

Forearm 


^ 


Back of neck 




Middle of back 


66.0 mm. 



It is supposed that the variations in discriminating power 
arc dependent upon the richness of distribution of the tactile 
nerve ends, and that one or more untouched terminals must 
lie between those on whirh ihe compass points rest in ordel 
that two points may be distinguished. 
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special pain nerves, althougli their special terminal structure 
has not been identified. 

Smell. — The endings of the olfectorj- hltvps arc spread in 
IS membrane of the upper parts of the nasal cavities. 
The olfactory c;ells are distributed 
between the cells of the mucous 
membrane (Fig. 141) and send 
iine filaments out to the surface. 
I hey arc scallcrod ovlt the upper 
and loner turbiii:itc honi.-^ (".A 
■ Fig. 46) (which are e.p:msions 

of the ethmoid on the outer wall 
of the nostril chamber), the 
opposite part of the partition 
between the nares and that part 
I of tlie roof of the nose (b, Fig. 
I 46) which sejiarates it from the 
cranial cavity. 

Odorous Sabstanoes, the stim- 
uli of the olfactory apparatus, are 
ordinarily gaseous. They fre- 
d^^iiSllfrMiwsiiiIdSii?«"jM^ quently act powerfully when 
Smder^SSSSSUf^'piyVeiie present in very small quantity, 
fibru of the oAclorr Dtrve. Ktii dl- . . , , 11,- 
vi«iiElnlo£u|isl|ilKialbiaiicheiila. A gram Or two 01 musK kept in a 

room will give the air in it an odor for years, and yet at the end 
will hardly have diminished in weight. While some gases or 
vapors have this powerful influence upon the olfactory organ, 
others, as pure air, do not stimulate it at alU* 

Taste. — ^The organ of taste is the mucous membrane on 

* In ordinary lirealbing. the air passes through the lower part of the 
nose and thenrfon: diKS nut reuch Uie ol&clory suif^. In " sniffing, " 
the air is passed directly uikt this surfiice. 
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tlie upper side of the tongue, and possibly on the soft palate 
and fauces. The mucous membrane of !he tongue presents 
innumerable elevations or papilla:: (I'ig. 53) of three kinds 
(p. 116). The fdiform papilla; are organs.of touch, for the 
tongue has the sense of touch as well as of taste. The cir- 
cumvallate and fungiform papillx contain the endings of 
branches of the glosso -pharyngeal and trigeminal nerves (pp. 
241, 243), which, when excited by bodies in solution, 
stimulate the taste centres in the brain. 

Many so-called tastes (iJavors) are really smells ; odorif- 
erous particles of substances which are being eaten reach the 
nose through the posterior Tiares and arouse smell sensations 
which, dnce they accompany the presence of objects in the 
mouth, ne take for tastes. Such is the case with most spices, 
since when the nasal chambers are closed by a cold in the 
head or by pinching the nose, the so-called " taste " of spices 
is not perceived, but only a certain pungency due to stimula- 
tion of nerves of common sensation in the tongue. 
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VOICE AND SPEECH. 

Toioe consists of sounds produced by the vibrations of two 
elastic folds called the vocal cordt. These corda lie in the 
laiyrix, which is situated between the pliarynx and the wind- 
pipe, and is a portion of the air passage spedally modified to 
form a voice organ. 

The vocal cords project into the larynx so that only a nar- 
row slit, the gtollis, is left between them. When they are put 
in a certain position the air driven through the glollis sets 
them vibrating and they give rise to soaiids. The stronger 
the blast the louder the yoice. 

The pitch of the voice is pritnarily dependent on the size of 
the larynx. The longer the vocal cords are, the lower is the 
pitch of the voice. Children, in whom the larynx is small, 
have shrill voices ; and for the same reason a woman's voice 
is usually higher pitched than a man's. About sixteen or 
seventeen years of age a boy's larynx grows very fast, and 
his voice becomes about an octave dee|)er in tone. 

While every one's voice has a certain natural i>iti;h which 
leads us to call it soprano, tenor, b;iss, and so forth, this pitch 
can be modified within limits, so that we each can sing a 
number of notes. This variety is due to the action of muscles 
in the larynx which alter the tension of the vocal cords. 



RESONANCE— SPEECH. 



3S9 



The more lightly they arc stretched the higher pitched is the 

tone which they emit. 

Resonance. — -Altliough musical instruments depend prima- 
rily upon vibrating bodies, yet the volume and quality of their 
tones are largely determined by resonance chambers, as in the 
comet and organ, or by sounding boards, as in the piano and 
violin. When a tuning fork is held in the fingers and lapped 
it gives a very low tone. When, however, it is touched to a 
hollow box open at one end and so constructed that the air 
column contained in it will vibrate in unison with the tuning 
fork, the volume and purity of the soimd are enormously in- 
creased. 

The pharyn?(, month and nose cavities act as a resonance 
chamber for the vibrations of tiie vocal cords, ])icl- in^' OMt and 
reinforcing the tones lo which the air contained in thctn cor- 
responds in rate of vibration. When the vor al cords vibrate 
they set the air in vibration. The sound is m.ule louder and 
changed in character by this selective emphasis on fundamen- 
tal tones and overtones. 

Speech. ^ — ^Ry movements of throat, soft palate, tongue, 
cheeks, and lipi, the fii/:e and form of thi^ resonance i hamber 
are varied, and with them tlie tone of voire. By movements 
of tongue, lips, and palate, tlie air current, and therefore the 
sound, is interrupted from time to lime, or the air is forcei! 
through a narrow passage in the mouth, giving rise to sounds 
in addition to those originated by the vocal cords. The 
primitive feeble monotonous tone due to the vibration of the 
vocal cords is thus reinforced anil altered in throat and 
moulh, and voice is developed into artiLulate speech. 

TheLarnyx consists of a framework of nine lartilages, mov- 
ably articulated together, and having muscles at tac lied to them 
by whose contractions their relative positions are altered. 
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These cartilages form a tube, continuous with the windpipe 
and lined by mucous membmne. At one level the vocal 




I o U(l mill imicoiis membrane, project into the 
Iiil>e. ii-.ivKi;.' mr iiw. ij;is-iigc of mr only ihe narrow slit of the 
glolti.. 

The largest caitilagc of the lamyjt (/, Fig. 142) is the 
lAyrotd. it is placed in front and consists of right and left 
halves which meet at an angle in front, but separate behind 
so as to enclose a V-shaped space, i he front of the thyroid 
cartilage causes the prominence in ihe neck linown as Adam's 
apple. ITie epigloms. not rejireseniL-d in the figure, is at- 
tached to the top of the thyroid cartil.nge and overliangs the 
entry from pharynx to larynx. It niay be seen, covered 
by mucous membrane, projecting at the root of the tongue, if 
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the mouth is held o|)en btfore a mirror, and ilie longiie held 
down. It is Tei>rcscnted as seen from behind at a, Tig. 143. 
The cricoid ciirlilaffc (■^*, I' ig. 14:) has the form of a signet- 
ring, with its liro.id i)art turned toward the back of the throat, 
and placed in the lower ]>art of the opening between the 
halves of the thyroid. The two aryltnmid carlihiges (t. Fig. 
142) are placed on the top of the wide posterior i>art of the 
cricoid; each is pyramidal in form. The remaining laryn- 
geal cartilages are of less importance. 

The Vocal Cords, which are rather projecting pads of elas- 
tic tissue than cords in the ordinary sense of the word, pro- 
ceed, one from each arytenoid cartilage behind, to the angle 
where the halves of the thyroid meet in front. When open, 
as in quiet breathing, the glottis (c. Fig. 143) is narrow in 
front and wider behind, and since air driven through the 
opening does not then set the margins of the cords in vibra- 
tion, no souikI is pnidticcii. 

The Muscles of the Larynx. — The laryngeal mnscles are 
nnmerons. 1 'nu slI of njiisi;lcs pulls ihe arytenoid cartilages 

forced through the narrowed slit causes \ iln.aiini ni' llic curds 
and produces vi lice. .Another set streli ik's uiid likhioiK the 
vocal cords by pulling the arytenoid carlil.iges backnard, and 
thereby raises the pitch of the voice. K third set pulls the 
front of the thyroid cartilage nearer the arytenoids and so 
slackens the cords and lowers the pitch of the voice. A 
fourth set se|)arates the arytenoid cartilages, and with them 
the vocal cords, and thus widens the glottis and allows air to 
pass through it without producing voice. 

The Range of the Human Voice from the lowest note (/ 
of the unaccented octave) of an ordinary bass to the highest 
note (_g on the tlirice accented octave) of a fairly good so- 
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prano is about three octaves : the former note is ])rodiiced by 
88 vibrations per second the latter by 792. Celebrated 




singers of course go beyond this limit in each direction ; 
basses have been known to take a on the great octave (55 
vibrations per second), and Mozart, at Parma, heard a soprano 
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sing a notu of the cxtraonliDanly high pitch c on the fifth 
aoccnlcil octave {2114 vibrations \->ei second). 

Vowels lire musical tones produced in the Urynx and mod- 
ified by resonance of the air in the pharynx and mouth. To 
get the broad a sounds, as ah, the mouth is widely opened 
and the lips ilrawn back. Such vowels as 00 (moor) are pro- 
duced by |)r(>iniflinj! tht lips and lengthening the mouth cav- 
ity. The thanjje in the form of the mouth may be noticed by 
]ironouncing consecutively ihe vowel sonndsii/i, tf, 0/1, no. 
The English 1 (as in spire) is a diphthong, ciinsisting of a 
(piid) followed by i (ieel), as may be readily found on at- 
tempting to sing a sustained note to the sound 1'. 

Semivowels. — !n uttering true vowel soimds the soft i>alate 
is raised so as to shiLt off the resonance of the nasal cavity. 
For some other sounds (the semiTiowels or resonanls) the initial 
step is, as in the case of the true vowels, the production of a 
laryngeal tone ; but the soft palate is not raised, and the 
mouth exit is more or less closed by the lips or the tongue ; 
hence the blast issues |>artly through the nose, which by its 
resonance gives them a special character, as in the case aim, 
n, and ng. 

GonionaDtt are sounds produced not mainly by the vocal 
cords, but by modifications of the expiratory blast on its way 
through the mouth. The current may be interrupted and the 
sound changed bythelips {Idbials, as / and b); or, at or near 
the teeth, by the tip of the tongue (denials, as / and d) ; or, 
in the throat, by the root of the tongue and the soft palate 
{guilurals, as k and g). 

Consonants may also be classified by the liind of move- 
mcntwhich gives rise to them. In explosives an intcrnipfion 
to the air current is suddenly interposed or removed b, I, 
d, k, g). Other cpnsonants are eonimuous (/, 1, r) and may 
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be divided into (i) aspiraSes, when the air is made to rush 
through a narrow aperture, as, for example, lietwccii the lips 
(/), the teeth (/), the tongue and the palate (.ri), or the 
tongue and the teeth {Ih); [2) raunaiils or semivowela; (3) 
vibraleries, the different forms of r, due to vibrations of parts 
bounding a constriction put in the way of the aii current on 
ita passage. 
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GROWTH AND NUTRITION, 

Development- — The human body, like the 
aninials. begins life as a single cell, 
to form two. these in iiirn form loiir 
division {segmeniaiion) continuL-s irni 
like mass of cells which do not ai>i 
another and which occupy about 
original cell (Fig. 144), From this 



the bodies of all 
sinj^le cell divides 



n the continued 




increase in number is accompanied by an increase in bulk. 
The cells no longer follow the same course of growth, but 
groups of cells develop peculiarities of tfieir own, according 
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to a prot^ss known as d^reniiaiicin. Ultimately thiee lay- 
ers are formed. Each of these layers continues differen- 
tiating, with the result that from one layer the skin and the 
central nervous system are developed; from another the mus- 
cular and bony system ; and from the third the alimentary 

The tissues resulting from this differentiation may be 
roughly classified in the following manner: 

(i) Undifferentiated tissues. These arc composed of 
cells with no special development, retaining much of the 
form and properties of rudimentary cells. Lymph corpuscles 
and some of the white blood corpuscles belong to this class. 

(i) Supporting tissues, including cartilage, bone, and 
connective tissue. 

(3) Nutritive tissues, including those cells which liave to 
do with the reception and preparation of food, the secretion 
of digestive fluids, and the excretion of waste matters ; as, for 
example, the cells of the stomach, intestines, lungs, kidneys, 
and skin, and the glands of the alimentary tract. 

(4) Storage tissues, represented by the liver cells and 
such connective tissue cells as become loaded with &t. 

(5) Irritable tissues, as the sense organs. 

(6) Co-ordinating and automatic tissues, as the nerve 
cells. 

(7) Motor tissues, represented by ciliated and muscle 
cells. 

(8) Conductive tissues, as nerve fibres. 

{9) Protective tissues, iiicludinij the epithelial lining of 
the cavities of the body, the epidermis, hairs, nails, and the 
enamel of the teeth. 

(10) Reproductive tissues, by which the ovum with its 
power of developing into a new individual is produced. 
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The cells making up the various tissues of the body have 
chaiacteristic forms and powers. Cells with like powers, 
together with supportiDg cells, are grouped into masses 
called organs. These o^ans are placed in such positions as 
will interfere least with the activity of the body as a whole, 
and will best subserve, by their spedal activities, its welfare. 
The functions of any oi^an are the sum of the functions of 
the cells compo^ng it These cells may all have the same 
work to do, as in muscle, or may have different work, as in 
the glands of the stomacb,,some cells of which secrete pepsin, 
others hydrochloric acid, while both secrete water. 

Odl Svtrition. — Each cell has work to do for the body 
as a whole ; it has also to look after its own wdl-being in 
order to be able to do its work. This means that each cell 
of the bodies of the higher animals must take food materials 
in the form of serum albumin or globulin, sugar, oi^gen, etc., 
must combine them into a compound which is capable of 
ready oxidation for the liberation of energy, must then be 
prepared to liberate this energy under the stimulation of nerve 
impulses, must direct the energy into useful channels, and 
get rid of the waste products of oxidation. It must appro- 
priate substance and build it up into ia ovm protoplasm for 
growth or re ipair. That these changes in cells may be con- 
siderable is shown by Fig. 145. 

All the activities of the cell are stimulated and conttoUed 
by impulses received through connected nerves. The nervous 
impulses which have to do with the nutrition, growth, and 
general condition of the cell itself arc supposed to be distinct 
from the impulses which stimulate the cell to work for the 
body as a whole, and have even been supposed to be trans- 
mitted to the cell through special nerves (/rqfiitc ntroes). 
The cell may thus be considered an individual member 
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of a community with certain duties and privileges of its 




Pie. lu.— ScRMiglindi. B.ndibit'ipiixnii>''lauled"(nutiii):c,"dtKliarEed' 
(Kiive} JliliKrved ip iIh IMm nDimilJ {KUhnc and L«). «, loaaed ; J, dlKbargcd, 
•Inoltu of puMH (Imta pnpanlioiu) (Lancley). 



General Hntrition. — We have seen that (he cells ina.king 
up the body have work to do both for themselves and for the 
other cells of the body, thus forming a vast army with one 
general plan of campaign. While we have definite knowl- 
edge of many of the general conditions under which the 
cells work, and of their contributions to ihe human economy, 
yet there is much which we do not know. When the body 
is deprived for a considerable time of certain sails and acids, 
it becomes weak and diseased (scurvy), hut we do not know 
in what the efficic)' of the acids and salts consists. We can 
only infer that they influence the cells and enable them to do 
their work belter. Again, up to a certain point an increase 
of exercise for the cells of the body means an increase of 
power, and apparently their full power is not reached unless 
this opportunity for practice and exercise is given them. 
When thus exercised they become larger as well as more 
effective. Other tissues than those exercised also feel the 
stimulus. This is especially true of the exercise of the raus- 
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cles, which seems able, by nuLking indirect demands upon the 
other cells of the body, to bring about the Aill development 
of all. Even the passive tissues, such as bone and tendon, 
are inSuenced through muscular exercise. 

Animal Heat. — Cellular activity produces energy in forms 
useful to the body, including heat. We have seen that a 
certain amount of heat is necessary, since all the tissues of the 
body work best at a temperature of 39° C, (g8° .5 F.). It 
is easily demonstrated that imricr normal conditions the tem- 
perature of tln> Sody R'm.iiri'; rn".'.f;!:il '.is!-; oiitimal temper- 

Musralar activity funiislies fdr [uore lir;it tlian any other 
form of activity in llic body. It has lieeii found bv exp.?ri- 
ment that tif the po;i--iitial enfrgy svt. fii c 111 tiu' iivLiiaiiun of 
m.iterial in the muscles two thirds appear ,is heat, whereas only 
one third does work as muscular energy. Heat is. therefore, 
developed in proportion to the amount of muscular work 
done, and in hard work a much larger amount of heat is pro- 
duced tiian is necessary to maintain tne Uody temperature. 
This excess of heat becomes a waste product nhii;h must be 
got rid of ia order to prevent a rise in body temperature 
(fever). 

Hoat Oontzol. — A definite mechanism for the control of 
the heat loss, exists in die body to insure the maintenance of 
the best temperature. The heat is carried by the blood from 
the heat-produdng centres, muscles, glands, etc., to all parts 
of the body, including exposed inactive tissues, such as the 
skin, lungs, ears, nose, fingers and toes. The presence of an 
excess of heat reflexly stimulates the blood vessels of the skin 
to dilate and the perspiratory glands to secrete. The result 
is that a lai^ mass of blood is thrown into contact with the 
cooler sudace of the body, which is being still further cooled 
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by the ev^Kmition of the moisture. The blood rapidly loses 
its heat and goes back to the interior parts of the body 
cooler, again to take up the heat, carry it to the surface and 
get rid of it. An increased amount of heat is also got rid of 
by the lungs during the more rapid breathing accompanying 
severe work. 

During rest a reverse process takes place. The blood ves- 
sels of the skin reflexly contract, keeping the blood within 
the interior of the body, which is now protected from heat 
loss by a thick layer of skin and fat. This process of vaso- 
motor control has been likened to the taking off and putting 
on of an overcoat. Cold blooded animals are without this 
mechanism and have a variable tempetature, dependent upon 
that of the medium in which they are. In summer a frog 
may have a temperature of lOo" F., in winter of 33° or 
34° F. 

Pever. — In the condition known as fever, the temperature 
of the body is nused above the normal. This is thought to 
be due in most cases to the following factors : first, reduction 
in the amount of perspiration which ordinarily accompanies 
fever (dry skin), hence diminished heat loss through its 
evaporation ; second, increased production of heat by un- 
usual activity and consequent heat formation in the tissues j 
and third, disarrangement of the heat- controlling nerve 
mechanism. 

Fever is not primarily a disease, but a symptom of several 
diseases, and depends upon varying conditions rather than 
upon any one factor. 

LiteiiiKl Soerstion of Qlands. — ^We have seen that some 
glands secrete fluids which they carry through ducts to sur- 
&ces more or less remote from themselves. There are certain 
glandi of the body, as the spleen, the thyroid gland, etc., 
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which have no ducts and whose only connection with the rest 
of the body is by means of the blood pas^g in through the 
arteiy and out diiough the vein; hence thdr secretion must 
be given to the blood to be carried to the rest of the body 
(vUenuU tecrelum). This makes it very difficult to determine 
the real funcdons of these organs experimenta ly, since large 
amounts of blood pass through them in twenty-four liour^, and 
substances, even if given off in considerable quantities in their 
secretions, are so greatly diluted as to escape detection. 

The spleen is situated in the left side of the abdominal cav- 
ity under the eleventh rib. It is a large mass of celhilar tissue 
supported by a framework of connective lissue, into which 
the blood escapes from the open ends of the blood vessels in 
its passage through it. In malaria and in certain blood 
diseases associated with a large increase of while blood cor- 
puscles the spleen becomes greatly enlarged. Apart from its 
function of giving off white blood corpuscles, little is known 
of the spleen, as it can be removed without serious rcsulls. 

The thyroid gland, which lies on either side and below the 
larynx ; the thymus gland, which is found near the thyroii! ; 
the suprarenal capsule, the small gland lying above each 
kidney ; and the piltalary body, a very small gland lying at 
the base of the brain, are other examples of ductless glands. 

That these last named glands have important functions is 
shown by cases of disease and by experiments made on ani- 
mals in whidi the glands were removed. When the thyroid 
gland is t^oved from the body, the tissues become more or 
less gelatinous, the animal weakens and soon dies. When 
the secreting cells of the thynrid gland are destroyed in man 
' by disease, a similar condition of the tissues follows. If the 
thyroid glands from pig or sheep are then eaten, the tissues 
again recover their character and strength is regained, show- 
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ing a definite relation between the abnormsl condition of the 

tissues and the secretion of the glands. 

Removal of the suprarenal capsules leads quickly to death. 
Disease of the capsules is associated wiih muscular weakness 
and pigmentation or bronzing of the skin. Experiments have 
shown that the secretion of these capsules is undoubtedly 
closely associated ivilh the vaso-motor control of blood vessels. 

Removal of the ijitaitary body leads also to rapid death, 
with sj'uiptouss somewhat resembling the removal of the 
thyroid gland. Disease of the pituitary body in man is asso- 
ciated with a curious condition of enlargement of the bones 
of the body (^gia/ili.!ni). 

Experiments have shown that the kidney, beside its func- 
tion of the exlerual secretion (excretion) of urine from the 
blood, acts apparei^ly as a ductli:iss gland. When three 
quarters of the sttrcting sul)stance5 of tlic two kidneys have 
been removed (one half of one kidney and the whole of the 
Other), the secretion of urine is carried on adequately, but the 
animal, in spite of a voracious arjoetite, rajiidly w;ute!i aivay 
and dies, showing that the kidney must contribute to the 
blood substances essential to health. 

RemovEl of the pancreas or disease affecting certain of its 
cells leads lo a secretion of sugar from the kidney (diabcles) 
and to a raoia wasting of me bouv and final death. 

i',!iiiiTiiiu iiis Ki\-i: -.Minva tti:u an animal cannot survive the 
ri^iuMViLi 1)1 in-.: iivi r. aiijioui'u uie entire secretion of the bile 
niav DC poured out on me surface 0[ the body through a fistula 
and lost wiliiout serious harm. This .shows that its internal 

The essential result of interference with the internal secre- 
tions of the glands seems to be a profound disturbance of 
nutrition, which, though it assumes various aspects, is distinctly 
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related to the power of the cells in assimilating and utiH/.ing 
food material and in jierformiiig their work. 

Health.— We have seen that the cells of the body act as 
individuals in the work of the body, and that their elTorts are 
controlled by the nervous system, in order that a balanced 
effort toward the one end of maintaining the body's effective 
power iiiuj- bt obtained. We may llierefore define Aea!/& as 
th-Jt condition in which the work of each cell of the body is 
perfectly done through the proper co-ordination and balance 
of all. 

Disease thus becomes a condition in which the working 
power of cells in a part of the body is reduced or lost or the 
balance destroyed.^ Tissue cells are hindered in their work 
or even destroyed by certain minute unicellular parasitic 
plants called iacieria. Some of these have the power of de- 
veloping in the body, interfering vith its balance, and 
directly destroying the cells of the tissues. They also develop 
poisonous substances through their own activity ( pto- 
maines), f which, when carried anay by the bbod, may 
overwhelm the vital powers and finally produce death. 

Immniiity from Dueaia. — Certain diseases are commu- 
nicated from individual to individual and are classed as 
contagious and probably bacterial, though this has not been 
demonstrated in the case of all. The most common are scar- 
let fever, diphtheria, smallpox, typhoid fever, yellow fever, 
cholera, pl^ue, and tuberculosiE (consumption). In some 
of these diseases, as measles, mumps, and scaiiet fever, one 

* Some diaeaies are not thoroughly understoa! and cannot be classified 
in this v»f. Most dbnuee, however, come within the two classes 

t These dimue-piHlucing bacleria may be grown on certain aub. 
stance* u bouilliKi, gelHtin, potalo, elc When thus cultivated they give 
rise to luhstance* amons; the most poisonous knuwii. 
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attack ordinarily protects against a second attack and the 
individual thus protecled is said to be immune to them. 

It has been recently shown by experiments that when the 
blood of an animal which has recently had the disease is inject- 
ed into the blood of another animal, it will give the latter im- 
munity, even against the disease germs when inoculated directly 
into its tissues. This has been applied in certain diseases, 
notably diphtheria, in the following manner : — The poisonous 
substance {loxhi) developed in cultures of diphtheria bacilli, 
and carefully filtered to remove all living bacilli, is injected 
into a horse in successive doses, each one so small that it is 
not fatal. After weeks or months of continuous dosing, the 
horse is apparently perfectly well and vigorous. The serum 
of its blood when injected into the subcutaneous lymph spaces 
and thence absorbed into the blood of a man is capable of 
making all the tissues of the body unfriendly to the diphtheria 
bacilli, and of protecting the individual entirely from their 
lavages. More than this, it may even be capable, under 
favorable circumstances, of destroying b^tlli which have 
already a foothold and have produced the symptoms of diph- 
theria. It is inferred that a new substance (jatittoxm) has thus 
been formed in the horse's blood. The production of the 
antitoxin is apparently a distinct reaction of the body to the 
stimulus of the toxin in such a way as to neutralize its bad 
eRect, provided that the vitality of the tissues has not been 
already too for lowered by an overwhelming amount of toxin. 

The immunity g^ed by a previous attack of the disease is 
in like manner probably due to the antitoxin developed in the 
body as a reaction to the toxin of the disease. Since vacci- 
nation protects against smallpox, it is probable that cowpox 
(vaccinia) is a modified form of smallpox. 

The immunity of scarlet fever, smallpox and yellow fever 
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may last for years or even for life, whereas that of diphtheria 
is for a few weelcs only; of tuberculosis none has been dis- 
covered. Whether this difference is due to the fiict that the 
antitoxin is produced by the body only during the presence of 
the toxin (i.e. during the disease) and that the duration of the 
inununity depends upon the rapidity with which the antitoxin 
Is elinunated from the body, or that the formation of the anti- 
toxin by the tissues continues, after being once started by 
the toxin, for .periods which vary in different diseases, has 
not been determined. It is probable that the power of the 
tissues to develop the protective substances is limited and is 
perfect only in a few diseases. It may be possible, however, 
eventually, by the use of animals for the development of anti- 
toxins or for the modification of disease-producing bacilli, to 
stamp out contagious diseases by giving immunity, as has 
been done in the case of smallpox. 
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EMERGENCIES. 

SUFFOCATION. 
Suffocation — Q&s Poisoning. — In cases where a ncrson is 
deprived of oxygen, the vital powers may become so much 
depressed that life ap]iears extinct. 'Ihis may be due to in- 
terference with the act of breathing ; lO the presence of gas, 
as carbon dio.'tide or illimiinating gas. in such quantities as 
to displace the oxygen; to submersion in water: or to en- 
closure in a small space from which the oxygen is readily 
used up in the regular process of breathing and cannot be 
renewed. Ordinarily suffocation is complicated with poison- 
ing by gases.* 

Treatment : — Remove the [atient into the fresh air. Dash 
cold water into the face, slap the chest and tickle the nose. 
Hold ammonia under the no.strils or take the tongue in a dry 
handkerchief and every four seconds draw it out with moder- 
ate force. If these measures fail to re-establish breathing, 
artificial respiration must be immediately undertaken. 

Artifici&l Respiration fs used in all cases of suffocation 
and drowning in which natural respiratory movements have 

* Itluroinaling gai conUiiu the miy poiBonous gas, carbon monoxide 
which uniKi with the btemt^Iobln of the blood to displace the oxygen In 
Uie red oorputckt. 
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ceased. If an individual has been under water, the lungs 
are naturally filled with water and should be at once emptied. 
Turn him on his face, clasp your hands under the lower 
chest and raise him from the ground ; the pressure upon 
the lower chest will compress the lungs and tend to empty 
them of water. Repeat two or three times, taking care not 
to injure the face by rough handling. Do not, however, 
delay artificial respiration in the attempt to remove all of the 

Wipe out the mouth and throat. Turn the patient over on 
his back with something under his back and shoulders so that 
the head will rest well back. Pass a pin through ihc lip of 
the tongue. Draw the tongue out from the mouth ; pa.ss a 
string around it back of the pin. cross it over the chin and 
tie it behind the head so that the tongue wil! be held for- 
ward and will not close the air ij.issage into the larynx.* 
Loosen the clothing, and, if wet. cover it with dry. 

Place yourself at the head of the patient, grasp his fore- 
arms near the elbow and carry them upward so that tliev lie 
parallel at each side of his head (Fig. 146). Let them rest 
there for a moment ; notice that air enters through the nose 
and mouth. Then carry the arms back and press them upon 
the chest (Fig. 147) ; notice that air is expired. Repeat 
this regularly every three or four seconds. 

After five or ten minutes of artilicial respiration, it may be 
best, if in winter, to remove the patient to a warm place. 
During the time of removal continue, if jiossible. artificial 
respiration and especially rhythmic pressure in the region of 
the heart every one or two seconds, since this may tend to 

* This is DCCMsuy tmlj when no one cIk a praent to hold the 
tongue. If two arc prcKiil, friction upra the limbi ihould also be em. 
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keep the blood in circulation and cany aerated blood from 
the lungs to the tissues. 




Fig. 14C.— SliwiriiiffpoaUonforliuiqr 




Fig. i47.^)ioHliigpoi[dDii for escplratEoq, 

Hot water applied to the heart stimulates its action, and 
an electric battery, one pole of the induction coil applied to 
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tbe back of the neck and the other to the regioa of the dia- 
phragm, may also be useful for this purpose. 

Warm water may be injected ioto the rectum, loo" P., to 
aid in re^oring the heat of the body. Hot clqths, hot water 
bottles, hot bricks, etc, should also be applied extemallj as 
soon as posuble, but bums should be avoided. 

Stimulants may be given by the mouth if the patient is able 
to swallow J if not and the heart is still beating, they will, if 
given in the rectum, be absorbed and carried by tbe blood to 
the respiratory and cardiac centres. 

Artificial respiration should be continued for one or two 
hours if necessary, as there is always hope if the pulse or 
heart beat can be detected. After treatment, avoid shock by 
keeping the patient quiet in bed and use stimulants as freely 
as needed. Petsons have been saved after being under water 
as long as twelve to fifteen ininutes. 

Oholdlig. — Solid objects too large to be swallowed or ac- 
cidentally caught in the larynx lead by their presence to reflex 
spasms of the epiglottis and closure of the respiratory tract. 
The result is a more or less complete but usually temporary 
suffocation. Distress and violent coughing are prominent 
symptoms. 

li-ea^ietti .■ — Strike the patient strongly with the flat of 
the hand on the back. Lay him on a bed or chairs with the 
head and u^^er part of the chest hanging over. Xiet him 
lake a fiill breath and then make sudden pressure on the back 
as he e:qurcs. In a child, rusing by tile feet may aid in dis- 
lodging the object. If ineffective, do not waste time, but 
pass the finger down the throat, taking the precaution to in- 
sert a folded handkerchief between the teeth to avoid being 
bitten. An ordinary finger is long enough to reach to the 
larynx, and the object may be felt and removed. An emetic 
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of mustard water is somelimes effective if the object has not 
liassed too far. Avoid exhaustion of |iatjent in the attempts 
at removal, sitice objects which can pass through the cesoph- 
agus by th^ larynx will do no harm if ihey are assisted in 
their passage by masses of food with large waste, as potato and 

At times children are taken suddenly with croup, the symp- 
toms of which resemble those of choking. Give the child 
warm water or, better, a teaspoonful of syrup of ipecac, and 
repeat until vomiting occurs. Apply hot water, ice, or mus- 
tard plasters to the throat Send for the doctor. 



UHCOHSCIOUSHB5S. 

Symptoms and Treatment. — Unconsciousness may be 
caused by so many conditions that it is well to examine a 

known. The general treatment for unconsciousness may be 
begun while the examination is being made. 
Send for a physician. 

Place the patient on liis back, Loosen the clothing about 
throat and chest. Give him plenty of fresh air, and if the 
brealliing has ceased while the pulse is still felt, apply arti- 
ficial respiration. Do not give stimulants if the face is flushed 
or if the pulse is strong, since they increase the hiart's action 
and, in case of ruptured blood vessels in the brain, the bleed- 
ing and consequent injury of the brain tissue, if the temper- 
ature of the body is raised, apply wet cloths or ice. Note if 
there is fracture of bones, including ribs, collar bone, and 
skull. Run the tingers down the spinous processes of the 
vertebne and note if they are tmiformly distributed in a 
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Btmigbt line. Open the L-ycs and sl-l- if ihc jiiipilsare dilated, 
coDtracted or equal in si/e. Nolo odor uf lircaih. 

UnconsciousMf.ss may be liiio to (ji) narcosis hy ether, 
chloroform, op\nw. mor\>hh»:, rlilumi, a.OTiile, etc., the 
treatmL'iil of "■liu:h is given tuiiiLT I'oisoiis, below ; (i) fainl- 
ingi (e) sunstroke ; ((/) convulsions ; (b) alcohol poisoning; 
(/) concussion of brain'; {g) epileptic attack; {h) apoplexy. 

Vaiuting. — ^The pulse is found weak, the face pale. 

Tyeafmeitl .■ — Place patient upon his back, with the head 
and chest lower than the rest of the body. If there is vom- 
iting, place him upon hiaside. Apply smelling salts, or give 
ammonia, strong coffee, brandy or whiskey. Insure plenty 
of fresh air by fanning, and avoid excitement. 

Soiutioke. — ^When working on a hot stuiny day, or on 
warm days when the air is fiill of moistnre, persons are some- 
times overcome with the heat, having headache, weakness, 
and difficulty of vision. The individual quickly becomes un- 
conscious, and may even fall so as to be injured. The body 
is usually hot to the touch, the skin dry, the lace flushed, the 
pulse full and rapid, but there may be coldness, pallor, and 
weak pulse. Tnitchings of the body nay also be noticed. 

lyeaimenl ; — Reduce the heat of the body as rapidly as 
possible by tlirowing cold water over the patient and applying 
ice to the head. Strip the body and wrap it in a sheet kept 
wet by frequent applications of water. Continue until con- 
sciousness is regained or ihc temperature of ihc body is 
lowered. Do not send the patient to his home or to a hos- 
pital until afterthe treatment has been begun. If the jjatient 
does not exhibit symptoms of high temperature, but shows 
pallor of face and weak pulse, do not use cold applications, 
but give rest, quiet, food and stimulants cautious amounts. 
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ConvulBiona. — Children may have these attacks as a result 
of disorders of the stomach, or of fever. 

Trealinent . — Keep the ehild from injuring himself Put him 
into a warm bath or wrap him in a blanket dipped into hot 
water. Keep the head cool hy sppljing told water or iee. 
If the convulsions continue, give an emetic, as a teaspoonful 
of syrup of ipecac, if the child can swallow. Assist vomiting 
by thrusting the finger down the throat or by using a feather. 
Give injection of soap and warm water, as the seat of irritation 
may be in the lower bowel. 

Aloidiolia PoiBOniiig — BraukenneBB. — The putse is full or, 
later, weak. The breathing is natural, the pupils of eyes of 
equal uze, and when the eye is touched the eyelid will close 
immediatelf. The patient can usually l>e roused to spealt. 
Alcoholic odor in the breath is always prraent, but is not an 
infallible symptom. The diagnosis of intoxication should not 
be made unless it is an absolutely clear case, since many per- 
sons have died from apoplexy or head injury when they were 
supposed to be drunk. 

TVeahneni .• — If the patient has not already vomited, turn 
him on his face and raise him with clasped hands under the 
abdomen. If not eRective, give an emetic of mustard vater. 
If there are symptoms of collapse, as cold skin and feeble 
pulse, apply heat and give stimulants, as ammonia, coffee, 
or strj'chnia, 

Concnssion of Brain. — Unconsciousness may be due to a 
blow on the head which produces temporary unconsciousness, 
or gives rise to compression of the brain by fracture of the 
skull or by bleeding due to laceration of brain tissue. 'I'he 
symptoms are more or less similar to those of apoplexy. 
Bleeding from the ear shows that there lias been a fracture of 
the base of the skulL 
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TreaimenI — ^Keep the patient in a cool quiet place, with 
the head slightly raised. Avoid strong light and all excite- 
ment. Loosen the clothing. If the body is cold, appl}* heat. 
Do not give stimulants unless the pulse is very weak. 

Epileptic Attaokl may come on suddenly or gradually 
with symptoms which the patient recognizes. Loss of con- 
sciousness may be accompanied 'by a peculiar cry, sudden 
pallor of die bae, and more or less stiffening of the body. 
The tongue is sometimes bitten and the eyes have a peculiar 
upward rolling motion. An attack usually lasts for a minute or 
two only, but several attacks may follow each other rapidly. 

Treaimenl ;■ — Keep patient from injuring himself, but do 
not struggle with him. Allow him to lie flat, and put a piece 
of folded cloth between the teeth to prevent luting of the 
tongue. The muscular contractions if prolonged give rise to 
exhaustion and lameness, but these may be lessened by putting 
the patient into a bath of warm water. After the attack put 
him to bed and if necessary use Btiraulants in small quantities. 

These attacks are seldom serious, and it is usually unneces- 
sary to do anything except prevent bodily injury. 

Apopluy is due to bleeding from a ruptured blood vessel 
in the brain and consequent pressure of the blood upon the 
bnun tissue. The nerve cells or nerve fibres when pressed 
upon cease to perform their fimctions and more or less un- 
consciousness and paralysis result. The face is flushed, the 
pupils of the eyes more or less dilated and perhaps unequal 
in size, the breathing slow, irregular, and noisy, the cheeks 
puffed out and drawn in with the air movement, and the 
pulse slow and full. There may be also convulsions and 
vomiting. An important symptom is one-sided paralysis. 
Notice whether the face is drawn to one side (away from the 
j)aralyzed side) or the head kept on one side. 
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Trealmenl : — Keep the patient absolutely quiet, lying down, 
the head moderately raised. Apply cold water or ice to the 
head. If the patient can swallow, give castor oil or a dose 
of salts. The bowels maj' be emptied by giving injectioii of 
soap and warm, water. Do not give stimulants. 



POISONS. 

General Treatment: 

i) Send for the nearest doctor 
3) Empty the stomach by the use of 
a) Emetics to produce vomiting : 

Tickle throat with finger or feather. 

Mustard water, tablespoonful to tumbler of 

tepid water. 
Salt water, tablespoonful to tumbler of tepid 

Zinc sulphate, 20 to 30 grains to Haifa tumbler 

of tepid water. 
Copper sulphate, 10 grains to 2 ounces of warm 

Ipecac, 30 grains of powder or 2 tablespoonfuls 
of the wine or the syrup of ipecac. 

Caution; Emetics are valueless when taken 
after substances which produce anaesAeuaof 
tiiroat and stomach and after poweriid cor- 
rosives (as opium, morphine, carbolic acid, 
aconite, cocaine, strong acids and alkalies), 
have had time to act. 
h') Stomach tube. Use any rubber tube two feet or 

more in length by one half inch diameter. In 

introducing it, avoid the larynx and get the 
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patient to make swallowing movements. Meas- 
ure on the tube the distance trom the stomach 
to the mouth with the head thrown back, and 
insert only enough of ihe tube to reach the 
stomach, so as to avoid perforation in case of 
corrosion. Pour water through a funnel into 
the tube ; then drop the end of the tube and 
press upon the abdomen to force out the con- 
tents of the stomach. This may be repeated 
and neutralizing substances introduced, alkalies - 
for acids, acids for alkalies. 

3) Give antidotes ; 

a) Chemical (which destroy the power of the poison). 
(See Special Poisons.) 
Pliysiological (which neutralize the constitutional 
effects of the poison ; for example, stimulants), 

4) Give diluents (whichdiluteand hence weaken the power 

of corrosives, water, milk or any harmless fluid). 

5) Give demulcents (which tend to coat over the poisons, 

or furnish a protective coating to the stomach, or by 
their coagulation entangle the poison; for example, 
milk, while of egg, boiled starch, murilagc, boiled 
slippery elm bark). These are pariiculnrly valuable 
in the case of corrosive and irritant poisons 
Constitutional Treatment : 

i) Stimulants (which increase the power of the heart and 
overcome weakness and depression): 
Aromatic spirits of ammonia or water of ammonia, 
tablespoonful in half glass of water ; frequent small 

Alcohol, one or tiio teaspoonft;ls in two oimces of 
water, or twice as much whiskey or brandy. 
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CofTee, in strong solution. 

Vapor of ether inhaled or one teaspoonful in cold 

Tincture of mix vomica, five to ten drops in water ; 

or strychnia -^^ to -^g i;rain. 
Stimulants are not absorbed from the stomach if 
there is much corrosive action, as in the case 01 
slrong acids and alkahcs ; thty may then be given 
by the ro-tuiii. 
a) External h,at (of spL-Li;d ..lIih- in (^opieshion). 

Apply warm blankets, hut water bottles, hot bricks, 

Caulion; In rase of more or less complete loss of 
consciousness, apply rolhinj; hot enough to burn. 
3) Friction (to aid depressed circulation). 

Rub toward the heart in order to aid the venous re- 
turn. Keep the patient in a horizontal position, 
or, in case of profound depression, with the head 
ami chest lower than the rest of the body. Sud- 
den raising of the head should always be avoided. 



COMMON POISONS AND THEIR ANTIDOTES. 

irritant Foiwini (more or less corrosive) t 

Arsenic (pans green. Fowler's solution, arsenioiis acid, 
some vermin killers). 

Precipitated oxide of iron, made by precipitating any 
solution of iron with ammonia, cashing soda or any 
Strong alkali in solution. Wash jincipitate with 
water through a cloth. Give two or three tablespoon- 
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fuk. If the iron |)r-.( iijil:iiL' c anncit be obiained 
immediately, give moisti'iitd jiImIct of wall which will 
mix with the poison and serve to protect the stomach. 
Wash out slomach. 
Phosphorus (matches, Rough an Rats). 
Emetics: magnesia, plaster from wall. 
Empty Btomach. 

CauHim: Do not give oily substances as milk, etc. 
CoTTOsive sublimate (mercuric bichloride, bug poison). 

White of egg; emetics. Wash out stomach. 
Iodine (tincture). 

Starch (boiled). 
Lead (paints, dyes). 

Sulphates (Epsom salts, Glauber's salts, alum), emetics, 
etc 

Cantharides (Spanish £y, irritant liniments). 
Demulcents, diluents, camphor, and opium. 
Caution: Avoid fat or oil. 
Corrosive a : 

Acids [sulphuric acid = oil of vitriol (H,SO,); hydrochloric 
acid = muriatic add (HCl); nitric acid (HNO,)]. 
Water, dilute alkalies, lime water, soap solution, tooth 
powder, chalk or plaster of wall, followed by demul- 
cents. Wash out stomach. 
Carbolic acid. 

Water, sul|>h:itts ((Uaubci's or Epsom salts) or alum. 
Roll iiatifiit (o piovcnt corrosive action. Wash out 
stomach. 
Oxalic acid. 

Lime or chalk. Stiraiilanls as needed. Wash out 
stomach. 

Alkalies [caustic soda = sodium hydroxide (NaOH); caustic 
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potash ~ jjotasshim hydroxide (KOH); ammOBia = am- 
monium hydroxide (NH.OH)] . 

Dilute acid, vinegar, hard cider, lemon or orange 
juice, followed by demulcents. 
HarcoticB : 

Opium (laudanum, paregoric, morphine, black drops, 
McMunn's elixir, soothing syiups, cholera mixtures, 
Dover's powder). 

Solution potassium permanganate, loto r5 grains in half 
a glass of water. Wash out stomach. Tannic acid, 
strong hot coffee, strychnia, ^ ^ gnuu. 
Electric battery. Keep awake by non -exhausting 
means. Perform artificial respiration and maintain 
body temperature. 

In opium poisoning a distinguishing symptom is 
pin-head contraction of the pupils of the eyes. 
Chloral hydrate (chloral, knock-out drops). 

Treatment same as for opium, except, keep quiet, head 
low, give ammonia, or other stimulants. 
Aconite. 

Wash out stomach. Stimtdants, as cafiee, ammonia, 
alcohol. 
Tobacco (snuff). 

Tea or coffee, vinegar, and stimulants. Heat and 
friction. 
Ether and chlorofoim. 

Lower head and chest. Use artificial respiration. 
Stimulants, especially ammonia, nux vomica or 
strychnia. 
Nux vomica (strychnia). 

Vapor of ether or chloroform, to control the spasms. 
Bromide of potassium or sodium (ao to 30 grains). 
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chloral (20 grains) or morphine (i to i grain). Give 
in rectum if patient cannot swallow. 

FIRST AID TO THE INJURED. 
SislooationB. — When the end of a boiiL^ slips out of its 
joint, it is said to be dislocated. Owing to tlie arrangement 
of ligaments, dislocation is associated w ith moie or less tear- 
ing of the capsular and reinforcing ligaments and bleeding 
from the ruptured vessels, followed by swelling and discolora- 
tion. The swelling of the joint is apt to be so great that it is 
wise to restore the bone as soon as possible, t'ompare it 
with its corresponding joint and attempt to restore it to its 
place; if successful apply a bandage, handkerchief or cloth 
in such a way as to keep the joint in place. It is well if the 
joint is accessible, as the ankle, elbow, etc., to apply a wad 
of cloth or other soft elastic material (comjiress) around the 
joint and thi?n wind a bandage tightly over it to prevent 
swelling. 

Fractures.— A fracture or break of a bone may usuallj' he 
recognised by movement of the pieces or by crepitus when the 
broken ends are rubbed together. The pieces of bone should 
be brought as nearly as possible into their projier positions 
and held there by splints. Sticks, umbrellas, canes, pillows 
or folded sheets may be fastened with cords or bandages 
along the sides of the limb to stilien it and hold it in position. 
To move such a patient it is necessary to put him on a board, 
shutter or other object so that he can lie at full length and be 
carried without jarring. .\n arm may be put into a sling 
passed around the neck. :\ broken leg may be bound to the 
sound one, taking care to draw the foot of the broken leg out 
to the full length of the sound one. 
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BleeUn;. — Either arteries or veins may be cut and the 
blood thus permitted to escape. Arterial blood is recognized 
by its flirting. Venous bleeding is usually a slow oozing. 
In case an artery is injured, it is not sufficient lo apply a 
bandage over the point of injury, but the artery must be 
compressed at some point where it lies over a bone so that 
the pressure may be sufSdent to close it against the blood 
pressure. Pressure may be applied by means of a pad of 




cloth, a smooth stone or other object bound tightly over the 
spot. The chief points of pressure for arteries are as follows i 
i) behind the knees; 2) the inner side of the thigh (Fig. 
14S) ; 3) the inner border of the biceps muscle in the upper 
arm (Fig. 149). 

For bleeding from veins and ordinary slight cuts, a light 
pressure by a pad over the point of injury is sufBcient. 
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Bleeding from the nose suggesia tiouble with the mucous 
membrane lining Ihe nasal cavity, and if habitual should re- 
ceive the attention of a physician. Profuse bleeding may 
necessitate the application of dilute solutions of tannin or 
alum ; if these are not successful, the nose should be plugged 
by a physician. 

Bleeding from the lungs and stomach occurs at times, but 
is seldom &tal. Rest and quiet are essential. 

Bmiiei and Bptaiu. — ^Apply hot water or nib vigorousl7 
with fingers. 

AntiMptio Tnatmoit of Wonndi.—" Catching cold" in 
a wound means the entrance of bacteria and consequent in- 
flammation. After carefully washing the hands with soap 
and hot water, wash the wound thoroughly with a solution of 
carbolic acid (3;^), a solution of corrosive sublimate (i to 
1000), or a solution of formalin (i to 40). If you do not 
have these, use strong alcohol, whiskey, brandy or boiled 
water. Then bring the edges of the wound together, hold 
in place by a compress of baked clean doth, and bind tightly 
with a bandage. If treated in this way, the wound will ordi- 
narily heal " by first intention," and need not be disturbed. 

Bsrni and Scalds. — If slight, apply a paste of cooking 
soda or alum. If extensive, apply Carron oil (equal parts 
lime water and Unseed oil). When a burn covers a quarter 
of the surfitce of the bodjr, it should be regarded as very 
serious, possibly &tal, and a physician should be summoned 
immediately. Ap[dy vaseline. Canon oil, etc., or put into 
bath tub with warm water to which a cup or two of salt has 
been added. Keep the water at a temperature of 90° to 
100° "S. Watch the strength carefully and give stimulants, as 
strychnia, coffee, alcohol, ammonia, etc., as needed.^ 
* When a person's clothing takes fite, roll bim in wet cloths, woollen 
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Pain. — ^Applf 'heat, as hot water bottle, etc., or mustard 
plaster. 

Stings of InMcti. — ^Apply ammonia or soda. 

'Snake Bite. — Do not give large amounts of alcohol. Suck 
out the poison, or tie a string tiglitly around the limb above the 
point of injury to prevent carrying ilie poison into the system, 
and cut the wound freely with shar|> knife to cause bleeding. 
Use stimulants, as ammonia, coffee, alcohol, if necessary. 

Poisoning by Canned Poods, Ice Cream, Salads, etc.~~ 
Give an emetic, and castor oil to clear out bowels. 

Foreign Body in Eye. — Take a small pencil or stick and 
press upon the middle of the upper part of the eyelid, at the 
same time raising the lid by means of the eyelashes with the 
other hand. Press down the cartilage of the lid until its 
edge swings below and exposes the inner surface. Find the 
object and remove by making a soft moistened point of a 
handkerchief When no assistance can be obtained avoid 
rubbing the eye, grasp the eyelashes and hold away from the 
eye to permit the tears to wash the object from beneath. 
One or two drops of a 2^ solution of cocaine may be put 
into the eye to allay the pain after the object is removed or 
the pain of an object which cannot be removed. Persistent 
aching and redness of one eye usually means irritation by a 
foreign body. 

Prost Bite. — When a part of the body is frozen it should 
be rubbed with melting snow, ice or ice water. As soon as 
the blood returns apply cracked ice to reduce the reaction. 

clothing, rug or carpet, or pat oat the fire wilh water, sand, ashes or 
other non-burnable material. U nothing is at hand, pull off burning 
clothing or roll hiiu uver and over to cnuh out the flame. When in a 
burning' building where tlic smoke is Ihick, keep the head near the door. 
If no escape U possible, get upon the outside of thewindovr-siU and eke* 
the window. 
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Contag^ions Diseuei. — Since contagious diseases are all 
probably due to bacteria, washing serves to remove them from 
the person, and hence aids lo avoid infection. When one 
comes in contact with a sick person he should touch him 
only with the hands and then wash them with warm water and 
soap immediately afterward, to avoid contaminating door 
knobs and articles of furniture which others are liable to 
touch. It is better to try to avoid all diseases, even whooping 
cough, measles and mumps, since they are never without 
possibilities of danger. 

Tuberculosis (consumption } must be considered as one of 
the contagious diseases and should be guarded against by 
isolation or rigid cleanliness, including the destruction of all 
sputum by burning or with strong antiseptics. 

A person who has a contagious disease should be immedi- 
ately isolated from every one except a nurse, and the nurse 
should also be isolated. All articles of food or clothing 
coming from the room should be burned or disinfected. 

Most contagious diseases are acquired by transferring the 
bacteria from objects on which they have been deposited to 
the mouth, by taking infected food, as milk or water, or by 
inhaling them as dust. All suspicious food and water should 
be well cooked or lioiled before it is used. 

Disinfection.— All unnecessary articles of furniture, dra- 
peries, cushions, etc., should be removed from a room to be 
occupied by a person with a contagious disease. Articles of 
furniture and clothing which have come in contarl with the 
patient directly or indirectly should be either destroyed by 
burning, or disinfected by boiling, or soakiiig thoroughly in 
a strong antiseptic solution, such as carbolic acid or formalin. 
The room should be disinfected by the fumes of formalde- 
hyde generated from a solution of formalin (one liter of 
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formalin lo looo cubic feet of air space), 
doors should be tightly closed and sealed. 
Disinfectant Solntiong: 



Aiier sianduig a half hour ihev mav be thrown into 
iirivv or sewer. Whitewashing with a. freshly made 
solution IS an effective treatmeot for nearly all forms of 

Chloride of lime— one i>oiind to two -Mr. one half gallons 
of water. This may 11^, (1 for ^xrrrLi. 

ruintiiauuii \w snihimr is roinii;.ir;ii)M:iv v;ilueless. Sun- 
iiL'iii IS I'liu.tivc uir fiiin!i<:i: oisiiiiiri i.iiiii only. Ventila- 
tion cannot remove all rtise.Tse germs. Dusting and 
beating of garments mereiv serve to scatter the germs 
and endanger the individual who does the beating. 
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THE ACTIOS OF ALCOHOL AND TOBACCO UPON THE 
HUMAN BODY. 

bitrodaotorir. — Vfe have ahead]' seen (p. 9S) that alcohol 
is not to be regarded as either a tissue-foiming or a force- 
giving food. 

Bj causing a transference of heat from internal parts to 
the skin, in which the main organs of the temperature sense 
(p. 383) are located, it produces a temporaiy feeling that the 
body is warmer ; but the final result is a loss of animal heat 
to the air, and a decrease of the temperature of the bodj as a 
whole. Experiments made on men under militarj' regimen 
and discipline have proved that alcohol does not increase the 
power of sustained muscular work, though it may for a brief 
time stimulate to unhealthy activity. The relative amount of 
energy liberated in the body for its own use may be very fairly 
calculated by comparing the amount of oxygen absorbed by 
the lungs on one day with the amount absorbed on another. 
We have learned that on the days when alcohol is taken the 
oxygen absorbed is not increased. Alcohol seizes some of 
the oxygen which the foods and tissues would have utilised in 
its absence ; and what it takes they lose. Most authorities 
even maintain that alcohol prevents oxidation, and therefore 
tissue activity, indirectly as well as directly j these experi- 
3»7 
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menters find that it not only takes oxygen from the tissues, 
but so influences them as to diminish their power of using 
what it leaves. We may conclude that under ordinary cir- 
cumstances alcohol is of no use as an energy-yielding food ; 
although, since it is oxidized in the body, it would act as a 
real food to a. starving man \ or to a very sick person who 
mig^t be unable for the moment to absorb and digest other 
substances. 

As regards tissue -formation, alcohol cannot build up proteid 
material, since it contains no nitrogen; and proteid material 
constitutes the essential part of muscular, glandular, and 
nervous tissues. There is even some evidence that alcohol 
leads to excessive waste of such tissues ; several competent 
observers have found tJiat its use increases the amount of 
nitrogen waste excreted from the body. The only tissues 
whose formation alcohol seems sometimes to increase are 
fatty and connective tissues ; and we shall presently learn that 
in most rases llie Kujifrahundance of these tissues is deposited 

The study of alcohol as an article of diet leads therefore to 
the result that (though a physician may find it useful as a 
medicine in a crisis of disease when the system needs urging 
to make a special eRbrt) it cannot fairly be regarded as a food 
when taken by jjersons in good health and properly nourished. 

The whip applied to a horse will arouse liini to call on his 
reserve force, and perhaps carry himself and his rider safely 
past some point of special danger; but it docs not in anyway 
nourish the horse. As regards the healthy human body 
alcohol may be compared to a whip : an amount of it not 
sufficient to cause drunken sleep, temporarily excitea various 
organs ; but the consequence is subsequent greater exhaustion. 

So far we have learned that alcohol as a regular article of 
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diet is, at least, useless. Were that all. we might regret the 
annual waste of corn, barley, wheat, and fruits in its produc- 
tion, and think the man foolish who spent his money on it. 
In such case the matter woulu be one for moralists and 
political economists to deal with, and physiologists and 
Students of hygiene might leave it alone. Unfortunately, 
alcoholic drinks are not merely useless but positively hurtful, 
when taken regularly, even in what is usually called modera- 
tion. Alcohol has probably caused in the jrast. and is 
ceriainly caiisint: at present 111 civilizea naiioiis, mare ciisease 
and death than either bad drauiau'e. bad venniation, over- 
crowding, deficient: tood, overwork, or any other of the con- 
ditions prejudicial to health concerning whicn I'nvsioiogy and 
Hygiene warn us. The moral deeradation and the physical 
condition of the drunkard speak for themselves ; it is there- 
fore the more insidious consequences of alcohol-drinking that 
we shall mainly describe. 

Alcohol, when pure, is a transparent colorless lii|uid, con- 
taining the elements carbon, hydrogen, and osygen (C,H,0); 
it is lighter than water, and boils at a considerably lower 
temperature ; is highly mfltunmable, burning with a bluish 
flame; and is the essential constituent of all fermented liquon 

Alcoholic Beverages include (i) malt liquors, as beer, ale, 
stout, and porter; (:;) cider and perry ; (3) wines, as claret, 
sherry, port, champagne, and cataivba ; (4) disHUed spirits, as 
brandy, rum, and whiskey; and their compounds, as gin, 
cherry brandy, pineapple rum, and so forth; (5) liqueurs, 
made by adding various flavoring essences to different kinds 
of spirits. All contain alcohol in greater or less proportion, 
varying from over 70 volumes in the 100 in some kinds of 
rum to less than 2 in the 100 in "small " beer. 
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Tho Dinct Physiological Action of Pnre Alcohol. — Pure 
alcohol is a very txjitnsivc substance, mainly tmployed in 
chemical expcrimenls and in the manufactin'e of certain per- 
fumes and essences. However, some clues to Ihe action of 
diluted alcohol on the body may be obtained by a study of its 
action in the concentrated form. 

Strong alcohol having a great tendencj' to combine with 
water, rapidly extracts that substance from any animal orgaci 
placed in contact with it ; as is shown by the hardening and 
shrivelling of museum specimens placed in it 

Added to raw white of egg it coagulates it, much as if the 
egg had been boiled ; added to fresh blood it acts in a simi- 
lar manner, coagulating the serum albumin as heat does 
(P- ISS). 

Pure alcohol placed on the skin evaporates very rapidly, 
and in so doing abstracts heat (p. 216, mtU), producing a 
sensation of coolness. This is succeeded by a feeling of 
warmth in the part, which also becomes red from temporary 
paralysis of its blood vessels, causing them to dilate. If the 
evaporation be prevented, as by putting a little alcohol on 
the skin and covering it with a thimble, the alcohol acts as 
an irritant; it causes smarting, and fmally sets up inflamma- 
tion. 

On mucous membranes alcohol acts mm h as on the skin, 
but its irritant effect is niorL- marked. I'kccil 011 the tongue 
it causes a feeling of coolness, followed by a hoi, biting sen- 
sation, and a red congested condition of the area with which 
it came in contact. Introduced into the stomach of a rahbit 
or dog, where it cannot reailily e\a|jorale, strong alcohol 
causes congestion and inflammation varying in intensity with 
its amount. If the dose is large the animal dies almost 
instanfly, because the powerfully irritated sensory nerves of 
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the gastric mucous membranes reflexly excite a nerve centre 

which stops the heart's beat. 

Diluted Alcohol does not produce the above -described 
direct actions of the pure liquid ; this latter taken into the 
stomach acts as a [(owerful irritant poison, and generally 
produces its main effecls on the stomach itself. Alcohol in 
such proportion as it exists in most alcoholic drinks exerts 
niLich less local action on the gastric mucous membrane ; but 
it is alisorbed and carried in the blood and lymph through 
the body, and if steadily taken day after day acts upon and 
alters for the worse nearly every important organ. The 
organ first or most seriously attacked varies with the form in 
which the alcohol is taken, with the amount consumed daily, 
and with the constitution of the individual. Probably no 
one individual ever suffered from all the diseased slates 
produced by alcohol described in the following pages ; but 
habitual drinkers are very apt to experience one or more of 
them. The diseases produced by alcohol after absorption- 
into the blood come on so gradually (except in the case of 
obvious drunkards) that the victim rarely perceives them 
until serious if not irremediable damage has been done : 
indeed, physicians have only recently come to clearly 
recognize that men who in common phrase "were never in. 
their lives under the influence of liquor" may nevertheless 
be drinking enough to do them grave injury. 

Absorption of Alcohol. — When alcohol (so diluted as not 
to cause active inflammation of the stomach) is sn-alloived, it 
is quickly absorbed l)y the capillary blood vessels of the 
gastric mucous membrane.* These pass it on to the portal 

• An exception to Ihe lapid aTisoiptiini itf alcohol sometinies occurs 
when a lai^ quantity of raw spirib is taken. Hnny checi are recorded 
wlicrc men have fi-r a w.iger drunk » bottle of whiskey «■ brandy. Ti»o 
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vein, which carries it {p. 177) direct to the liver. Collected 
from the liver by the hepatic veins, it is conveyed through 
the inferior vena cava to the right auricle of the heart. 
Thence it passes on in the general blood flow (pp. iii;, 168, 
177) to right ventricle, liing.s, lefl anricle, left ventricle, 
aorta, and by branches of (he :njrta to the body in general : 
to the heart muscle (by the coron:iry arteries, p. 169), lo the 
brain and spinal cord, to the muscles, to the kidneys, to the 
skin. We have to study its action on all these organs. 

The Primary Effects of a Moderate Doie of Diluted 
Alcohol, as a glass of whiskey and water, on one unaccustomed 
to it, are to cause temporary congestion of the stomach j 
dilatation of blood vessels of the skin, indicated by the 
flushed face; a more rapid and forcible beat of the heart;* 
nervous excitement, exhibited by restlessness and talkative- 
ness. Then some incoherence of ideas, and often giddiness. 
Finally there is a tendency to sleep. On awaking (he person 
has some feeling of depres.sion, not much appetite, and is in 
general a little out of sorts for a day. 

If the dose be larger the stage of giddiness is accompanied 
by diminution of the sensibility of the skin, and imperfect 
control over the voluntary muscles, indicated by defective 
articulation and a slaggering gait. The muscles moving the 
eyeballs cease to work in harmony. Normally they act 
unconsciously, turning the eyes so that images of objects 
looked at are focused on corresponding points of the retinas, 
and objects are seen single. Soon after the voluntary move- 
remit Is oBeii audden death, but sranetiiiiei no effect ia notked for fifteen 
or twentj minutes ; then tbeic ii > sudden uDcomciouanesg, passing into 
■tupor, which ends in death. In nich cases the lai^ quantity of strong 
■IHTils seem) lemporaril}- to paralyze the abaotbing power of the stomach. 

*It la doubtfdl if chonically pure alcdiol diluted with water quickens 
the pulw i moat ordinary alcoholic beverages, however, undoubtedly do. 
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ments are affected the involuntary regulation of the eye- 
muscles is impaired, and objects are seen double, the eye- 
balls being no longer so turned as to bring images on 
cone^ndiag retinal points. The stomach may also be so 
irritated as to lead to Tomidng. Then comes deep drunken 
sleep; followed by headache, loss of appetite, and prostration 
similar to, Imt more marked than, that occurring after the 
smaller dose. 

If the alcoholic indulgence be repeated, day after day, 
some of the above-described primary consequences become 
less marked ; but they give way to more serious fimctional 
and stractnral diseases. 

The Saoondary Efieets of Alcohol vary much in intoisity 
with the form in which it is taken ; also, no doubt, with the 
constitution of the person taking it, and with the length of 
time during which he has been drinking. We shall consider 
them in three groups : I, Comparatively slight and curable 
diseased states due to what is commonly considered moderate 
drinking. II. Severe acute alcoholic diseases. III. Cluonic 
and usually incurable morbid states, due to steady, prolonged 
drinking ; these bll into three main subdivisions : a. Gen- 
etal tissue detericoation ; i. Destruction, more or less com- 
plete, of certain organs ; e. Deterioration of mind and 
character. 

L Uinor DiHaiel Oonditloni produced by Moderate 
Drinking. — Of these, alcoholic dyspeptia is the most frequent. 
A vast number of persons suffer from it without knowing its 
cause, .people who were never drank in their lives, and con- 
sider themselves very temperate. "The symptoms vary, but 
when slight are something like these : A man (or woman) 
complains of slight loss of appetite, especially in the morning 
for lir'rikfast ; feels languid either on rising or early in the 
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iiiiv : riiiciirs :i iiiiii: ill iiii: morning, and [lerhaps brings up a 
iiuie Dhiegra oniv, or raav actually vomit ; or may be able to 
take breakiast. out feeis sick after it. Towards Iho middle of 
Trie iiLurcLini.' iii: :» juruvv iiikI languid, perhaj>s, and does not 
feel easv until he has had a glass of sherry or some spirits ; 
thea gets on pretty wen, and can eat lunch or dinner. Or 
if worse, the appetite for both is defective, and there is 
undue weight or discomiort after meals. . . . Now all 
these symptoms may be due to other causes, but when taken 
together they are dv far most commonly due to alcohol." * 

Another frequent result of regular "moderate" drinking 
IS tremor, or shakiness of the hands. The hand is unsteady 
when the arm JS loidea, and is seen to tremble if it be held 
out wiiri cue arm i:ic[<:iiiieii. This tremor is very marked in 
the aicohoiie msease Known as ddirium Iremens (p. 335). 
Kven in lis siiniiii.: uiriii il interferes with the performance 
ot anv a< uoii laiiinL' lor manual dexterity. The trembling 
mav, m most cases, be stopped for a time by an extra glass ; 
and thus oiten leads to the acquirement of more serious 
diseases. 

ive i:i;i.-is rne anove .'is minor diseased conditions, because 
ill most luses niev oi^i'ur iiefore the will piiwet is seriously 
i ora alcohol is soon followed by 

II. Aoune Alcohouc Dieeasea. — A single large dose of 
aliotiol, or tin; nipeliliiin uf small doses at short inten'als, 
ends in a fit of drunkenncs.s. 

The disgusting aiii)earance of a drunken man, the loathing 
which he excites even in those most attached to him, the loss 
of control over his aciions, which makes him the prey of 
criminals, or, yet worse, a criminal himself, taken together 
•Dr. Greenfield, in " Alrohol ! its Use and Abuse," 
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make a picture to which the physiologist need add nothing. 
A man not deterred by its contemplation will not be hindered 
in the indulgence of bis appetite by any argument based on 
injury to his health. 

IMiriiim Ttemeni. — Repeated drunkenness usually ends 
in an attack of delirium Iremeitt, but this disease is more 
fiequently the result of prolonged drinking which has never 
culminated in actual drunkenness. It is especially apt to 
occur in " those who drink hard, but ke^ from actual loss of 
consciousness, especially those engaged in hard mental work 
or subjected to great moral strain or shock ; and, too, those 
of certain tempeiaments are peculiarly liable to it. It is 
preceded, usually, by loss of sleep, ideas of persecution or 
injury, with no foundation in lact, and slight hallucinations, 
especially at night ; the man, meanwhile, in the day looking 
anxious, slightly excited, nervous and tremulous, and pe[htq)B 
narrating as actual occurrences the hallucinations of the pre- 
ceding night. Then the senses are partly lost; he sees spec- 
tres, horrible and foul creatures about him ; has all sorts of 
painful, terrifying visions (whence the common name of the 
' horrors ' ) ; is extremely tremulous, and either excited or lies 
prostrate, trembling violently on movement, sleepless, anx- 
ious, and a prey to spectres and terrors of the imagina- 

Few persons die in their first attack of delirium tremens, 
but it is nature's unmistakable warning to the tippler; let 
him not disregard it, unless he is prepared to die without 
hope in maniacal imaginings so Irightful that those around 
his death-bed can never recall the scene without horror ! 

Dipsomania is often confounded with delirium tremens; 
but though it may lead to that disease it is an essentially 

•Dr. Greenfield, in "Alcohol: its Use and Abuse." 
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difTerent pathological state. The word properly means a 
mental disease in which there is periodically an irre^stible 
passion for alcohol ; in any form, no matter how distasteful) 
the dipsomaniac will Bivalla»- It xviih avidity. The disease 
is sometimes produced by indulgence in drink, but is more 
often inherited, espedally from parents addicted to alcoholic 
excess. In the fiunilies of such, one child is often epileptic, 
another idiotic, a third eccentric or perhaps quite mad, and 
a fourth a dipsomaniac. When the fit seizes him the dipso- 
maniac is as irresponsible as a raving madman. His only 
safeguard against a frightful debauch is to place himself 
under restraint as soon as he perceives the symptoms which 
he has learned to recognize as premonitory of his fit of mad- 
ness. After a time the paroxysm passes off; the patient 
regains self-control, loses bis passion for drink, is greatly 
ashamed of himself if he has indulged it, and usually behaves 
in an irreproacliable manner for some weeks or months. 

The si^ereis from this frightful disease are entitled to a 
sympathy to which the common drunkard has' no claim. 

TTT. Chronlo and often Incurable Diseased Condition! 
produoed by Alcohol.— These are apt to be insidious in their 
approach, and overlooked until they have firmly seated 
themselves. They include (a) deterioration of tissue; (i) 
practical destruction of important organs; (c) mental and 
moral enfeeblement. 

(a) Deterioratioii of Tiune due to Alcohol. — A serious 
structural change in the body produced by alcoholic excess 
is /ally degeneraHott, The oily matter of the body exists in 
two forms: first, as adipose or fatty tissue collected under 
the skin, and in less amount elsewhere, as on the surface of 
the heart and around the kidneys; second, as minute fat- 
droplets in the interior of various cells and fibres. Some 
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fcrms of alcoholic drinks tend to increase the adipose tissue, 
and may lead to undue accumulation of it about the heart, 
impeding the action of that organ. A more important and 
frequent result is an increase of 6it-droplets in the cells of 
the liver and the muscular fibres of the heart, tlie oily matter 
replacing the natural working substance. A heart which has 
undergone iriis cn;iiiL'u is commonly spoken of by patholo- 
gists as a " whiskey heart "; for although fatty degeneration 
of the heart inav nciiiir [roin other causes, alcoholic indul- 
gence is the most frequent one. Fatty liver or fatty heart is 
rarely if ever curable ; either will ultimately cause death. It 
is probable tliai in Dotii cases the fatty degeneration is due 
to over -stimulation of the organ. Most wines and spirits 
quicken the beat of the heart, leaving it less time for repair 
between its strol;es. Alcohol iiKa increases the breaking 
down of proteid nwtLi;r in tiii: bod; ; the liver has much to 
do in preparing this broken-down proteid for removal by the 
kidneifs, and so gets overworked. 

Another serious bodily deterioration produced by alcohol 
is fibrous degeneration .■ by this is meant an ejtcessive growth 
of the connective tiasuc, whiuh, as wt: huve scot (p. 18), per- 
vades the organs of the body as :i fine sMpporting skolclon for 
the more essi;ntiai cells. Alcohol -drinking causes this tissue 
to develop to such an extent as to crush and destroy the 
cells, especially in the liver and kidneys, which it should 
protect. So far as the liver is concerned, the result is a 
shrunken, rough mass {hoh-naikd Iwcr, or gin-drinker' s liver), 
with hardly any liver cells left in it. 'I'his not only prevents 
the proper manufacture of bile and glycot;yn (p. 130), but 
the contracted liver presses on the branches of the portal vein 
within It (p. 177) so as to impede the drain.ige of blood from 
the organs in the atidomen. As a consequence, an excess of 
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ihe watery part of the blood oozes into the peritoneal cavitj 
and atciiitiulatHS, causing abdominal dropsy {asciles). In simi- 
lar manner the superabundant connective tissue in the kid- 
neys crushes and injures the essential kidney substance, and 
interferes with the proper function of the organ in excreting 
nitrogen waste and water. Ihe ultimate consequence is one 
form of " Isright's disease ' — a very fatal malaciy, character- 
ized by elimination of albumen in the kidney secretion ; 
retention of proteid wastes in the blood, poisoning the vari- 
ous organs; and accuuuilaiion ot water in the loose tissue 
bmding Ihe skin to underlying parts, producing that kind of 
dropsy known as anasarca. 

(f) The Organs of the Body moBt apt to be impatred or 
destroyed by Alcohol have been in part mentioned in pre- 
ceding pages. It will, however, be convenient to collect 
them together and point out the kind of change produced in 
each. Probably no tippler ever suffered from all of these 
diseases, and most of them may develop in persons who are 
total abstainers ; but the organic lesions whn h are mentioned 
below are more frequently due to inlemperance than to anv 
other cause. 

A primary action of alcohol alter absorption is to cause 
dilatation of the cutaneous blood vessels. \\ ith occasional 
alcoholic indulgence this is temporary ; with repeated, it be- 
comes permanent. The Skin is then congested and puiTy, 
and on exposed parts it is seen to have a purplish or reddish 
blotched appearance ; pimples appear on parts, such as the 
nose, where the natural circulation is more feeble. 1'he result 
is the peculiar degraded look of the sot's face. The conges- 
tion interferes with the nutrition of the skin ; the epidermis 
(p. aoo) is imperfectly nourished and collects in scaly masses, 
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jnterrering with the proper action of the sweat glands, thus 
throwing undue work on the kidneys. 

When constantly irritated by the direci action of strong 
alcoholic drinks, tbe Stonaoll gradually undergoes lasting 
changes. Its vessels remain dilated and congested, its con 
nective tissue becomes excessive, its ppwer of secreting gas- 
tric juice diminished, and its mucous secretion abnonnall] 
abundant. 

The Liver suffers falty and fibrous degeneration, and is 
one of the organs mosl often and earliest attacki'd. This we 
might expect, as all the alcohol absorbed from the stomach is 
carried direct to the liver by the portal vein (p. r;;). 

The Heart has its walls at first thickened {hyperlrophieJ) 
and its cavities dilated by the excessive work (p. j.-i?) whii^h 
alcoholic drinks stimulate it to perform. If, as is usually the 
case, fatty degeneration ensues, the organ gradually becomes 
too feeble to pump the blood around the body, and death 

The walls of the Arteries of drinkers frequently undergo 
fatty degeneration; they lose ihelr strength and ekislicity, 
and are liable to rupture, or to the disease knowu as uneu- 

The Kidneys are excited to unduo activity, in jiart by the 
dilatation of their blood vessels, in part, pfrhaiis, (hroiigh 
direct stimulation of their cells by akoliol circiilatiiij; in the 
blood. Once the liver is attacked the niirogenoiis n-a.ste of 
the body is not carried to the kidneys in iirripcr form for 
excretion: some is held back, jirodncing a tondemy lo ^w// 
and rheumatism; the rest i^ got rid of by e):tra kidney effort. 
The usual result is fibrous degeneration of the kidneys, caus- 
ing one kind of Bright's disease. 

The Lungs, from the congested state of their vessels pro- 
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iluceil by akoliol, are more subject to the influence of cold, 
the resuk bcitig frequent attacks of bronchilis. Il has also 
been recognized of late years that there is a peculiar form of 
consumption of the hiiigs which is very rapidly fatal, and 
found only in ak.ohol-drinkers. 

The Sense Organs are also affected ; their acuteness of per- 
ception is dulled, and many i)hybicians believe that cataract 
and retinal disease may be produced Ijy drinking. The red 
inflamed white of the eye oftopers is well known. 

The Brain and Spinal Cord are kejit in a chronicstate of 
congestion* and over-excitement. Thia results at first in 
inflammatory disease {ddirium tremens) ; later, in fibrous 
degeneration, leading to certain forms of pjinihsii; or to epi- 
lepsy, of which there is one variety well recognised by phy- 
sicians as due to alcohol. 

(c) Moral Deterioration prodaoed by Alcohol. — One 
result of a single dose of alcohol is that the control of the 
Will over the actions and emotions is temporarily enfeebled ; 
the slightly tipsy man laughs and talks loudly, says and 
does rash things, is enraged or delighted without due cause. 
If the amount of alcohol be increased, further diminution 
of will-power is indicated by loss of control over the mus- 
cles. Ebtcessive habitual use of alcohol results in per- 
manent over- excitement of the emotional nature and en- 
feeblement of the Will ; the man's highly emotional state 

• "I once liild the untuiial though unhappy opportimily of observing 
the same phciiomeniin In tlic brain structure of n m»n who, in a fit of 
alcoholic cxcilvment, ilecapitated himself under the wheel of a railw^iy- 
Carriage, aTid whose bnin was instantaneously evolvi'd Irom Ihe skull by 
the crash. Tlie brain itself, entire, was lietbie me within three minutes 
after death. Il exhaled the odor spirit mort distinctly, and Its mem- 
branes and mlnole structures were vascular In the extreme. It looked 
as if il had been lecentty Injected with veimlUiou."-^'. B. W. 
Rirharitoit. 
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exposes him to special temptatioii lo excesses of all kinds, 
and his weakened Will decreases the power of resist- 
ance ; the final outcome is a dejjradcd moral condition. 
He who was prompt in the |icrformanci: of duly begins 
to shirk that which is irksome; ciicr;;}- };ivL-s phwe to indiflet- 
ence, truthfulness to lying, iutejjrity lo di^hoiiesty ; for even 
with the best intentions in making proraists or pledges tHeie 
is no strength of Will to keep them. In forfeiting the respect 
of others respect for self is lost and character is overthrown. 
Meanwhile the passion for drink groivs absorbing; no sacri- 
fice is too costly which secures it. Swift and swifter is now 
the downward progress. Pl mere sot, the man becomes 
regardless of every duty, and even incapacitated for any 
which momentary shame may make him desire to perform. 

For such a one there is but one hope— confinement in an 
asylum where, if not too late, the diseased craving for drink 
may he gradually overcome, the prostrated Will regain its 
ascendency, and the man at last gaia the victory over the 

TobaCDO contains an active principle, mcolin, which in its 
pure form is a powerful poison, paralyzing the heart. When 
tobacco is smoked some of the nicotin is burned, but there 
are developed certain acrid vapois which have an irritant 
action on the mouth and throat The effects of smoking are 
thus in part general, due to absorbed nicotin; and in part 
local, due to irritant matters in the smoke. They vary much 
irith die constitution, habits, and age of the smoker. One 
general rule at least may be laid down ; iobaeea is very injuri- 
ous to young pa-soHt vihote p^n'caJ development is net com- 
piled. 

Tlie IoobI Action of Tobaooo is at lirst manifested by 
increased flow of saliva. This usually passes off after some 
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practice in smoking; dryness of the mouth follows, and con- 
sequent thirst, often leading to alcoholic indulgence ; and in 
this, perhaps, lies the greatest danger from tobacco. The 
habitual smoker usually suffers eventualljr from what is known 
to medical men as "smoker's sore-throat." The inflamma- 
tion often extends to the larynx, injuring the voice and pro- 
ducing a hacking cough, or may spread up the Eustachian 
tubes (p. 379) and impair the hearing. Cigarettes are espe- 
cially apt to cause these symptoms. Cure is impossible 
unless smoking be given up. Those who draw the smoke 
into their lungs often suffer from chronic inflammation of the 
bronchial tubes in consequence. 

The Gflneial Actioa of Tobaooo. — The more common 
effects of absorption of tobacco products are to interfere with 
development of the red blood-corpuscles, leading to pallor 
and feebleness ; to impair the appetite and weaken digestion ; 
to affect the eyes, rendering the retina less sensitive; to 
cause palpit^ion of the heart and enfeeblement of tbat 
organ; to induce a lassitude and indisposition to exertion 
that, in view of the heavy odds man has to contend with in 
the life-stmggle, may prove the handicap that causes his fail- 
ure. If success in life be an aim worth striving for, it is 
surely unwise to shackle one's self with a habit which cannot 
promote and may seriously jeopardize it. 
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DBSKWSTRATIONS AND BXFERI1[ENT&*' 

BONES. 

Matw^iaU ; Hind leg of sheep sawed lengthwise through the 
joints. Pieces of fresh ivory hone (thin hones 
such as are found in the leuM of fowl will an- 
swer). Pieces of dry ivorv none. 
Jieagenis : Hydrochloric acid (HQ) and ammonia. 
A0araius ; Balance with metric weights from i centigram to 
25 or 50 grams. The balance may be a small 
hand balance carefully adjusted. 
Human skeleton (such as may be purchased for 

?!5 or |3o). 
Microscope. 
Bistec/Kn or Demonstrations .* 
To be done preferably by pnpili worldng together in pairs witb spec[- 

i) Structure of a long bone. 

a) Position and arrangement of dense (ivory) and 

cancellated bone. 
6) Medullary canal, 
e) Joint ends with epiphyses. 
d) Articular cartilage. 
* The practical work is pbtmed to include that given In the Outline of 
KequirementB In Anatomy, P)\rsiology and Hygiene ibr Adroissioa ta 
Harvard College and the Lawrence SdentiGc ScbooL 

343 

Digilized by GoOgle 



344 DEMONSTRATIONS AND EXPERIMENTS. 



e} Periosteum. 

Red and yellow bone Marrow, 
Microscopic structure of bone, 
a) Composition of bone. 

a) Boil a piece of fresh bone in water to extract 
gelatin. 

i) Bum a piece of fresh bone to destroy animal matter. 

c) Put piece of fresh bone into .solation, one part 

hydrochloric acid, four [larts water (let stand 
one or tno days and if necessary change the 
solution) to remove mineral matter. 

Experiment : 

I. Proportions of water and solid in fresh bone. Break 
piece in smalt fragments, weigh, <lry in a current of 
warm air to eonsiant weight and determine loss. 

M. Proportions of animal ,ind mineral matter in dry bone. 
Weigh, burn on a piece of sheet iron over live coals 
or on a piece of platinum foil over Bunsen burner and 
weigh. 

aS. Second method. Weigh, dissolve in lo^ hydrochloric 

acid, dry to constaot weight and determine toss. 
TStyrs. — Demanstrate the presence of mineral matter in the lolutioa l;^ 
precipitating it with ammoDLa. 

JOINTS. 

Sfaieridli ; Split Joint of sheep. 
Apparaius : Microscope. 
Duseclion tir Demo'lslralinns : 

a) Capsular and reinforcing ligament. 

6) Synovial membrane. 

O SynovinI Ilui.l. 

d) Articular cartilage. 

#) Functions of ligamenta. 
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UUSCLB. 

Material : A frog. 

A slice of meat cut across the giain (a low cut of 

the leg including the bone). 
Nonnal salt solution, made by dissolving f^gms. 
of dried table salt in i liter of water. 
Suteclion or Demtuiri^wnt ; 

i) Uncover muscles in frog's leg. Note 
a) Outlines of muscles. 
2) Tendon attactiinents. 
c) Relations of muscles to joints, 
a) In piece of beef, note 
0) Muscle bundles. 

h) Connective tissue boundaries of muscles and bun- 
dles. 

c) Surface or intermuscular tendon, if present. 
3) Prepare muscle fibre by plunging a freshly killed frog 
into water at 55° C. (131° F.) and allowing it to 
cool. 

a) Tease musde with needles in nonnal salt soln- 

h) Examine under microscope. 
£xfermenl .- Proportions of water and solid in musde. (De- 
termine as in bone (i). 
MUSCLE ACTION. 
Mataiali : Calf muscle of leg of frog with sciatic nerve 

attached (nerve-rousclc preparation). 
Apparatut ; Induction coil, battery and wires. A small coil 
such as is used by physicians will answer the 
purpose. 
Recording apparatus (Fig. 150}. 
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Expirmmtt (or DemouttraSotu) : 
What results follow 
a) Single electrical shock through nerve? 
6) Single electrical shock through muscle? 
c) Rapid succession of shocks through nerve? "Tet- 

Demontlratumt : 

i) Contraction curve. 
3} Curve of fatigue. 

a) Regular stimulation at intervab of one second. 
i) Tetanus. 

"Fat the contraction curve, the Bmolced ghus should be 
moved so that the distance between the rise and fall of 
the writing point will be one or two inches. 

For the curve of fatigue, the smoked glass should be moved 
between each contraction just enou^ to allow the next 
contraction to make its own record. For tetanus, a 
stow, continuous movemeut is necessary. The rapid in- 
terruption of the current necessary for tetanus can easily 
be accomplished by tapping the end of one wire on a 
piece of tin connected with the otha, if no key is 
available. 

LEVERS. 

The leverage conditions in the body may best be studied 
by means of an apparatus arranged to represent the action 
in several joints (Fig. 151). 
Apparatus : Lever apparatus. 

Problems to be exp&imtnlally sofoed with the letter apparafut. 
i) Apparatus arranged to represent action of biceps. 

If) How much force must the biceps exert to hold a 
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pound weight in the hand when the elbow fonns 
a right angle and the forearm is horizontal? 
i") How much is the pressure in the joint under the 
same conditions ? 
a) Apparatus arranged to represent action of triceps. 

a) How much force must the triceps exert to make 
the hand push one pound? 
How much is the pressure at the elbow joint ? 
3) Apparatus arranged to represent action of muscles of 
calf of leg. 

a) When a person of 150 lbs.* weight is stand- 
ing on one foot, how much force must the 
calf muscles exert to mise the heel from the 
floor? 

How much is the pressure in the ankle joint? . 
Probiems lo be solved arilhmelically. Each pupil should use 
his own weight and make the necessary measurements on 
himself or on a skeleton. 

1. a) How much force do the calf muscles exert in rais< 

ing the heel from the floor when standing on 
one foot ? 

b) How much is the pressure in the ankle joint? 

2. a) How much is the muscle pull through the patella 

to raise the body from a kneeling posture (the 
whole weight on one leg) ? 
b) How much is the pressure in the knee joint? 

3. a) How much does the biceps pull when, by flexing 

the forearm, 50 lbs, are raised in the palm of 

i) How much is the pressure in the elbow joint ? 

'Use T.J tba. on balance to represent (he 150 lbs. 



SSO- DEMONSTRATIONS AND EXPERIMENTS. 



OXIDATION. 
Malerials i Magnesium tape. 

Fine emery paper. 
Fine iron wire. 
Oigigen. 
Sulphur. 
Demomlrations or Ei^erimmlt .• 

i) Kub m^esium tape clean with emery paper. Cut oS 
two pieces. 

a) Apply s lighted match to one ; note manifesta- 
tions of energy and changes (magnesia) in 
magne^um. 

2) Place the other in a bottle with a few drops 

of water; examine in a day or so, and com- 
pare wiQi i) a. 

3) Attempt to bum magnesia obtained from \)a. 

3) Rub the iron wire bright with emery paper. 

a) Place some in a warm dry bottle by the stove. 

3) Place some in a bottle contdning a little water, 

and in a day or so compare results with those 
Irora 3)0. 

4.) Melt a drop of sulphur on end of iron wire. Ignite 
and plunge into a bottle of oxygen. 
a) Note manifestations of energy. 
V) Note changes in iron and compare with 3) h. 



FOODS. 

Materials ,- Starch, nexlriii. Cliicosc. Fat, Snv.'t Oil. 

Egg albmiiin. Cut wliitt^ of tgg rL'pfalwIly with 
scissors, shake with 20 parts water and filter. 
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Meat juice, i lb. meat finely d«>p|ied, soaked for 
13 bouis in four parts of water and filtered. 

Fqitone, freshly prepared by digesting fibrin or 
e^ albumin in an artificial giratric juice. 

Reagents, etc. : Acetic acid (strong vinc$[ar). Nit- 
tic add. Hydrochloric add. Ammonia. Sodic 
hydrate. Sodic carbonate. Cupric sulphate. 

Thick starch paste, made by boiling ordinary com 
starch. 

Add or alkali albumin, made by heating egg albu- 
min with 5<t hydrochloric add or with weak 
sodic hydrate solution. 

Milk. 

Tests /or Food ConsUlaenls.* 

1) Starch and dextrin, dry or (better) in solution with a 

watery solution of lodme — change of color. This 
test IS most convetiientlv made with drops of the aolu- 
tions on a ivhttc ,,l,,tc. 

2) (1 ,1 li„„ in lul,n will, 

hall inch strong soliLtion cansti:: soda ami one or two 
drops ot oimte solution suipnate of copper ; shake and 
boil — color or colored precipitate. (Trammer's test. ) 

3) Fat. 

a) With I per cent solution of osmic acid — color; or 
j) By dissolving in ether and allowing to evaporate 

on glass— grease spot. 

4) Egg albumin or serum albumin in dilute solution. 

a) Heat in test tube — opacity or precipitate ; or 
6) In contact with strong nitric acid poured care- 

" These tests oiver the experimental wort needed aa a pieliminaiy for 
digestive experiments. The schedule will be fbnnd amTenieiit for re- 
cording results. 
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fully and slowly down side of test tibe — loIot 
or precipitate. 

5) Proteid. 

a) Boil with strong nitric acid (color); cool and 
make alkaline with ammonia — color or colored 
precipitate (Xanthoproteic test), or 

i) With strong sodic hydrate solution and one or 
two drops very dilute copper sulphate — color 
(biuret test), 

6) Peptone. Biuret test — color. 

FOOD MATERIALS. 



EtUer 



1(1 delcrmiiiu lli<:ir constituents.* They should also be encouraged tolind 
oul the effccis uf cooking and to report to the class results of expeiimcnta 
at home. The water in which ibod substances have been boiled may 

also be studied. 

Semonslralions : 

i) Effect on thick starch paste of 

a) Saliva, a few drops, 

b) Pancreatic extract, a few drops of solution. 

*Cetlu1ose is not easily demonstrated as aibod constituent. It may be 
Bometimes shown w\Aa the microscope iftcr aiaking thin sections of the 
Bubilances furaftw minni. - in .1 ^iroui; wjl(;ry solution of iodine, washing 
with wiiliT, tranifc-rriiii: tn liiliil.' au'iilu^ric ,icid (2 parts acid to i part 
water by volume); iimiiiit ilu- -wiiuTi^ un [lie slide in acid solution and 
examine. If successful, the cellulose is left blue. 
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' 2) Effect of neutralizing the acid or alkali albumin by 
addition of weak sodic hydrate solution or by the 
addition of weak acid solution. Color with litmus 
solution in order to determine neutral point. 
3) Typical emulsions under a microscope : 
a) Milk. 

5) Oil which has been shaken with solution of pan- 

creatic extract of bile. 
Experhnents .■ l^pical foodstuffs. 

1) Milk. 

a) Determine specific gravity with hydrometer. 

6) Determine reaction by adding a few drops of lit- 

mus solution. 

c) 1) Warm milk in small beaker, add drop by drop 
a dilute solution of acetic acid, constantly 
Gtiiring, until precipitation (casein and fat); 
filter; test filtrate by Trommer's test (lac- 
tose). 

2) Dry residue by squeezing it in tlie fingers, add 
to a small portion of it an eqirai amount of 
ether, allow it to stand a few niinutea, put a 
drop of the ether from it upon a watch glass 
and allow to evaporate (fat) ; remove cthci 
from the residue and test latter by tlic Xan- 
thoproteic lest. 

2) Flour. Moisten one teaspoonful of flour and tie tlie 

dough in a piece of muslin. Knead thor- 
oughly, first in a small vessel containing 
wafer, saving the water, and, second, in 
running water until the water is no longer 
colored. 

0} Determine what was washed out of dough. 
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i) Examino the residue (crude ghititi) in muslin; 
observe tenacity; determine the ciass of food 
materials to which it belongs, 
NoTB. — Other food atotb may be exunined with profit. 



ANATOMY OF DIGESTIVE TRACT. 

Materials: Sound and diseased natural teeth obtained from 3 
dentist. 
Dilute hydrochloric add. 
Rat or cat. 
Chloroform. 

An inch or two of the small intestine of a recently 

killed calf 
50^ solution of alcohol 
Normal salt solution. 
Hand magnifier, 
Demonslralion : 

l) After having soaked the sound teeth in warm water for 
one or two days and then sawed them in two with a 
fine fret or scroll s,iw, examine the structure, 
j) Demonstrate the excavations of teeth by decay. 
3) Test the effect of an acid, as dilute hydrochloric or 
vinegar, upon teeth. 
Di'.'.ec/ion .- Kill a rat or rat by chloroform. 

1) Dissect away the skin from the whole veutral aspect of 
the body and note the large salivary glands in the neck 
region : 

a) The posterior gland (submaxillary), rounded 
and compact, close to the middle line. R.iise 
the submaxillary, ^uul thereby expose its duct, 
which passes forward to the mouth, into which 
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it may be followed by separating the halves 
of the lower jaw, 

b) The large gland, composed of several loosely 

united lobes (parotid), which reaches from 
the neighl)orhood of the ear to the subraaxil- 
lajy. Note the duct of the parotid which 
passes forward over the face to the mouth, 
near the angle of which it passes in through 
the cheek muscles. 

c) A small gland in front of the submaxillary (sub- 

lingual). 

a) Remove the muscles, etc., covering the larynx and 
trachea ; cut awa.7 the front and side trails of the 
chest and abdomen ; remove larym, trachea, lungs, 
and heart. 

a) Note the gullet, a slender muscular tube in the 

neck, and trace it through the chest. 

b) Sketch the relative positions of the abdominal 

viscera before displacing any of them. 

3) Turn the liver out of the "'ay and follow the gullet in 

the abdomen until it ends in the stomach. 

a) Note the form of the stomach; its projection 

(ftmduB) to the left of the entry of the gullet; 

its great and small curvatures; its narrower 

pyloric portion on the right, from which the 

small intestine proceeds. 
3) Notice a thin membrane (the omentum) attached 

to the stomach, and hanging down over the 
other abdominal viscera. 

4) Follow and unravel the coils of the small intestine, 

spreading out as lar as possible the delicate membrane 
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(mesentery) which suspends it from the upper dor- 
sal i>art of the abdominal cavity. 

a) Note blood vessels and lacteals ninning in the 

numerous bands of fat in the mesentery. (The 
lacteals are best seen in a cat killed three or 
four hours after a meal of richmilk.) 

5) Open into the side of the large intestine opposite junc- 

tion with small. 

o) Note the termination of the small intestine (ileo- 
cfecal valve). 

b) Observe the csecum or blind end of the large 

intestine, projecting on one side of the point 
of entry of the small. (Note position of the 
vermiform appendix in the human body.) 

c) Tollow the large intestine until it ends at the 

anal aperture, cutting away the front of the 
pelvis to follow its terminal portion (rectum), 

d) Note the colon, the portion between the caecum 

and the rectum. 

6) Spread Out the portion of the mesentery lying in the 

coiii'.'iviiv ui inc mil 1 iiuoiii'iiiini 1 r>i iin; small 

a) The pancreas, a thin branched glandular majs. 

b) The Dortai vein entering the imdcT side of the 

liver liv ■..■v,T.-il l.r,iii,'li,>s. 

c) Near ii the gall duct, formea by the union of two 

branches and proceeding as a slender tube to 
open into the duodenum about an inch and a half 
irom tuc pyloric oniicc 01 tiic siomacii. 

d) The spleen, an elongated red body lying behind 

and to the left of the stomach. 

e) The portal veins ; trace them to the liver. 
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7) Divide tlie gullet at the top of the neck, and the rectum 

close to the anus, and severing attachments, remove 
the whole tube ; then cut away the mesentery and 
spread it out at full length. 

a) Note the relative length and diameter of its 
various parts and detennine the ratio of its 
length to the body length. 

8) Open the stomach along its greater curvattuv. 

a) Note the thin smooth raucous membrane which 
lines the fimdus, and is sharply marked olf from 
the thick corrugated mucous membrane lining 
the rest of the organ, (This is not the case in 
the human stomach.) 
F.vnining under water the surface of the lining 
membmne with a hand lens. 
. 9) Remove the liver. 

a) Note its general form, 

f) Scrape its cut sur&ce and examine cells in normal 
salt solution under microscope. 

10) Cut out piece of the intestine (or that of calf), wash 

inner surface gently with normal salt solution and 
examine in solution with a hand lens. Or 

11) Place a piece of small intestine or that of calf in 50;^ 

alcohol for twenty-four hours. Hien open and 
examine the villi under water with a hand lens. 



DIGESTION. 

Mf^eriah: Blood fibrin. This can be obtained by stirring 
firesh blood. Dried fibrin may be used for diges- 
tion experiments, or 
Eg^ albumin, coagulated. Stir white of egg into 
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boiling water acidulated with vioegar or acetic 
add, 
Meat juice. 

Bile of pig or otiier animal obtained from butcher. 
Glycerole pepsin. Buy of druggist or collect by 
tt^ing the middle portion of iiesh stomach of 
pig, scraping off the mucous membrane, and 
adding glycerin to itj allow to stand several 
days, stirring occasionally. Use a few drops 
for each experiiuent. 
Pancreatic extract. Purchase of druggist or pre- 
pare from fresh pancreas, by grinding thoroughly 
with sand in a mortar, a) Add water to one 
half and filter through doth, for amylolytic fer- 
menL 6) Add three or four volumes of glycer- 
in to the remainder and allow to stand several 
days, for proteolytic ferment. 
Saliva. Collect by chewing paiafBn or a pece of 

rubber, and filter, 
o.a per cent solution of hydrochloric add. Add 
6.5 C.C. commerdd hydrochloric add to i liter 
of distilled water. 
Af^arahui Water bath for holding te^ tubes in digestion ex- 
periments. An oblong Atsp tin pan, contain- 
ing a wire test tube rack, nearly filled with 
water and heated by a Bunsen burner, lamp or 
alcohol lamp will answer. Temperature should 
be kept at 99" F. (38° C.)- 
Thermometer. Those with scales on stem or in 

glass tubes to be prefened. 
Test tube racks. Wire racks with a capacity for 
three dozen test tubes are ueefiil in water bath. 
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Wooden test tube racks with holes and pins 

should be supplied to the tables. 
Dialyzer (Fig. 65, p. 145)- This may be made 

from a section of a lamp chimney, one end 

being covered with bladder, intestine, or moist 

parchment paper. 
Funnels. For students' use, they should be two 

inches in diameter ; for preparing material, six 

or eight inches. 
Test tubes. A dozen six-inch test tubes for each 

student. 

Beakers. Nesls of three beakeis of from four to 

six ounce capacity. 
Filter papers. Three inches in diameter is a 

convenient size. A few of six or eight inches 

diameter will be needed. 
Litmus rubbed up in boiling water and filtered. 
Demimstratiom : 

1) Penetration of anima! membrane (dialyzer) by ctystal- 

loids (sugar, salt) and peptone. 

2) Non- penetration of animal membrane (dialyzer) by 

colloids (starch, albumin) except peptone. 
Experimenis : * Use a test tube for each experiment. Iden- 
tify them by slipping bits of paper con- 

* The digestion ordinarily requires a number of hours, and It ma]' be 
belt to prepare the solutknu, put them in the water bath, and leave them 
until the next da.7 lor examination. The digestion r& starch and tA 
fibrin if shaken every few minnles Is so rapid that It be possible to 
get the proper reactions aflera few minutes fo' starch and after halt an 
hour for fibrin. K the laboratmr section extends for two hours, as It 
should, during the digestion work, the digestions may be sufficiently 
cmnpteted at the end of that time for all the chuaderistic tests. It ia 
best under these circumstances to have the pupils prepare test tubes 
lirst Qicn have the dcnKnutratknis and expetiments which can be accom- 
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substances for digestion, and fill the test 
tubes about two thirds full of solution. 
Two or three drons of the solution of 

pepbiii aiiu ul puiiurt'aii;; cxuact arc sum- 

cient. Shake frequently. 
I. a) Effect of saliva on starch (38° C). 

i) " " proteid (38° C). 

C) " " fat C38°C.). 

rf) Influence of temperature (about 18° C. and 60° C), 
a. a) Eflect of pepsin on boiled fibrin (38° C). 

6) " 0.2^ HCl " 

c) pepsin and 0.2^ HCl on boiled fibrin 

'(38° C). 

rf) Influence of temperature (about 18° C, and 6a''C.) 
on action of pepsin and 0.2^ HCl on boiled 
fibrin. 

e) Test product of gastric digestion for peptones 
by means of biuret test. 
3. a) Effect of pancreatic extract on starch. 

i) " " " fibrin or egg albumin. 

pushed immediately, to be followed by the eiamtnalion of digestion 
products toward the end of Ihe exercise. Students sufhcicntly inter, 
eated and with plenty of lime lo do quantitative work, may deter, 
mine the relative rapidity of digestion by artiiidal gastric juice and by 
pancreatic eitisct, by taking weighed amounts of fibrin, exposing Ihem 
to digestion for a certain length of time, caicfiilly washing and rewe^h- 
ing the fibrin to determine the amount digested. Experiments may alw 
be made upon the time tslten to d^^t law aod axUxi itarehy foods, 
etc., etc 
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c) Influence of acidity and alkalinity on action of pan- 
creatic extract, 
rf) Effect of shaking oil with pancreatic extract. 
e) " " boiling fat or oil with caustic soda or caus- 
tic potash. (Test result by shaking a few drops 
with water. ) 
4. Influence of bile on absorption of fats. 

11) Moisten a filter pa]>er stretched across top of a 
funnel with bile and put on paper a teaspoonful 
of oil. Moisten another filter paper similarly 
placed with water and apply tiie same amount 
of oil. Note comparative rapidity of penetra- 
tion. 

STRUCTURE AND COUPOSITION OF BLOOD. 

Maierials: Frog. 

Ether. 
Blood clot. 
Defibrinated hlood. 
Blood serum. 
Ajfaraius: Hand magnifier. 

Microscope with powers up to 450. 
Bundle of twigs or wire. 
Two fruit jars. 
Demonsfraiions : 

i) Put a frog in a solution of one teaspoonful af ether to a 
quart of water, and cover the icssel for a mmute or 
two. Remove the frog, cut off its head and collect 
on a piece of glass a drop of the blood which flows 
out. Spread out the drop so that it forms a thin 
layer and hold the glass up ajjainst the light. 
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a) Examine the blood with a hand magnifier and a 
microscope, noting form, size, color, and 
relative numbers of red and white corpusdes. 
Wind tightly a piece of twine around the last joint of a 

finger; then, taking a needle, prick the skin of the 

side of the finger. A large drop of blood will emide. 

Spread it out on a piece of glass under a cover glass. 

a) Examine with hand magnifier. 

Sy Examine with microscope and demonstrate 

i) Form, size, and color of h'.:man as compared 

with frog red blood corpuscles, 
a) Foim of aggregation of human blood cor- 

3) Color, form, size, and relative number of 
white blood corpuscles. 
Obtain a large drop of human blood as above (2) de- 
scribed. Note 

a) Physical characteristics (color, opacity, etc. ) when 

it flows from wound. 
Sy Apparent change of color when it is spread very 

thin on the glass and held over a sheet of white 

paper. 

c) Color, when mixed with a leaspoonful or more of 

water in a wine glass. 
Place another large drop of human blood, obtained as 
above, on a clean glass plate. To prevent drying up 
(Xtver by inverting over the drop a wine glass whose 
interior has been moistened with water. 
a) In four or five minutes remove the wine glass and 

note the condition of the blood. 
i) Replace the moist wine glass and in half an houi 

examine again. 
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5) Collect blood at butcher's in a glass jar ; set aade until 

the blood clots and carry it home with the least 
possible shaking. Observe the clot and serum next 
day ; carefully collect latter. 

6) Collect blood in the pail and beat it vigorously vith the 

twigs for three or four minutes. 

ff) Note quantity of stringy elastic material (fibrin) 

collected on the twigs. 
6) Wash the twigs thoroughly with water and observe 

color of fibrin. 

7) Take some of the serum from specimen 5, 

a) Note physical characterisUo. 

b) Heat it in a test tube. 

e) Add nitric acid to some in test tube. 

8) Place a small quantity of whipped blood (6) on a piece 

of platinum foil. Heat. 

a) Note that after the drop dries it blackens, showing 

that it contains much organic matter. 

b) Continue heating until this is burned ' away ; 

examine the residue of white ash, consisting of 
the mineral constituents of the blood. 

ANATOUT OF THE HEART. 

Maieriah: Sheep's heart, not cut out of the pericardium, 

severed from the lungs, nor fiuncbtred, 
Ditseclion * or DemotKiraHm : 

i) Place the heart and lungs on their dorsal side upon a 
table in their normal relative positions, with the wind- 
pipe turned away, 

* The diasectlan may be mute bdbie the meeting of the clan and the 
anatomical Acts through 3) c demonitniM lipon the prepuRtioii, 
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a) Note the pericardium and the piece of diaphragm 

which is usually found attached to its posterior 

b) Inflate lungs and note relations of heart. 

a) Carefully dissect away adherent fat, etc., without cutting 
the veins, which, being thin, collapse when empty 
and may be easily overlooked until injured. As each 
vein is found, stuff it with raw cotton, 
tf) Note the vena cava inferior on the under (abdom- 
inal) side of the diaphragm ; thence follow it 
until it enters the pericaidium. 

b) Observe the hepatic and other -vtam which the 

vena cava inferior receives from the liver, spleen, 
kidneys, and diaphragm. 

c) Observe the right phrenic nerve lying on the left 

side of the inferior vena cava and ending below 
in several branches to the diaphragm, 
rf) Find the lower end of the superior vena cava, 
which enters the pericardium about one inch 
above the entry of the inferior cava; thence 
trace it up to the point where it has been cut 

ff) Notice between the ends of the two vente cavie the 
right pulmonary veins proceedbg from the lung 
and entering the pericardium, 
3) Turn the right lung and the heart back to their natural 

position; clear away the loose iat in &ont oi the 

pericardium ; seek and clean the following vessels in 

the mass of tissue lying anterior to the heart and on 

the ventral ude of the windpipe. Note 

a) The aorta ; its arch and brandies. 

^ The pulmonarjr aiterjr imbedded in fiit on the 
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dorsal side of the aorta ; nole course anil follow 
braoches into lungs. 

Note.— Observe Ihc Ihickness and llrmiiess of Ihe 
arterial walls as compared ivith ihosc of Ihc veins. 

c) The left pulmonary veins on the veniral side of 

the left pulmonary artery, passing from the lung 
into the pericaidium. 
4} Slit open the pericardial sac, and note 

d) Its smooth, moist, glistening inner anr&ce, and 

the shnikr chaiacter of the outer surface of the 
heart. 

The character and amount of pericardial fluid, 

5) Cut away the pericardium carefully from the various 

vessels at the base, and note 

a) While this is being done, that inside the pericar- 
dium the pulmonary artery Ues on the vential 
mde of the aorta. 

S) The general form and position of the heart. 

6) Carefiilly dissect out the entrance of the pulmonary 

veins into the heart. It will probably seem as if the 
right pulmonary veins and the inferior cava opened 
into the same auricle, but it will be found subse- 
quenily {13) ihat sucli is not really the case. Note 
on the exterior the following points : 
a) The flabby auricle (left) into which the veins 
open and its companion (right) between the 
aorta and the superior vena cava, 
i) A band of fat nmning around the top of the ven- 
tricles ; an offshoot from it runs obliquely down 
the front of the heart, passes to the right of its 
apex and indicates externally the position of 
the internal partition or septum, which sepa- 
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rates the right ventricle (which does not leach 
the apex of the heart) from the left. 
}) Dissect away carefully the collections of fat around 
origins of the great arterial trunks and around the 
base of the ventricles. In the fat will be ibnnd 
a) A coronary artery rising from the aorta close to 
the heart, opposite the right border of the pul- 
monary artery ; it gives off a branch which runs 
m the groove between the right auricle and 
ventricle, then runs down the dorsal ude of 
the heart. 

i) The other coronary artery, considerably larger, 
rising from the aorta dor&al to the pulmonary 
artery ; its main branch runs along the ventral 
edge of the ventricular seplum. 
c) The coronary veins accompanying the arteries. 
8) Open tlie right ventricle by [lassing the blade of a scal- 
pel through its wall about one inch from the upper 
border of the ventricle and on the right of a band of 
fat which marks the external partition between the 
ventricle (see 0, h) ; cut down towards tiie apex. 
Make a corresponding cut through the wall of the same 
ventricle on its other side. Raise point of wedge- 
shaped llap and oxpusi; ravily. Cut off the pulmon- 
ary artery alioiil a:i iiid; abovL- its uri|;in and open 
the right auricle hy ciitlinj; a piece out of its wall at 
the left of the ven.i: cava;. 

a) Pass the handle of a scalpel from the ventricle 
into the anrii le, and also from the ventricle 
into the piilmonaty arterj' ; study out the rela- 
tions of these oiieniiigs. 
Slit open the auricle ; note the flesh)' projections 
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(columiuB caroeffi) on its i?alls, and the 
smoothness of the inteiior surface of the auri- 
cle. Observe the apertnres of the vente cavge, 
and note that the pulmonai; vtins do not open 
into this auricle. 

c) Behind or bclmr the entrance of the inferior cava, 

note the entrance of the coronary dnus. 

d) Pass a probe through the aperture along the anus 

and slit it openj notice the muscular layer 
covering it in. 

9) Raise by its apex the flap cut out of the ventricular 

wall, and if necessary prolong the cuts toward the 
base of the ventricle until the divisions of the tricus- 
pid valve come into view, and note 
a) The columniB cameie on the wall of the ven- 
tricle, and the muscular cord (not found in the 
human heart) stretching across ils cavity. 
t) The prolongation of the ventricular cavity towards 

10) Cut away ihe riL'lit ^iiridc. 

a) Examine caremiiv tiie inscuuid valve, composed 
of three membranous ne.viUle flans, thiiiniiiir 
away lowanis ilieir ircc L'ULfos : proci:eaing 
from near these cages are strong tenainoiis 
cords (chordie tendine^). which are attached 
at their other ends to muscular elevations (pap- 
illary muscles) of the wan ol the ventricle. 

11) Slit up the right ventricle until the origin of the pul- 

monary artery comes into view. Looking carefully 
for the flaps of the semilunar valves, prolong the cut 
between two of them so as to open the bit of pulmon- 
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ary arteiy still attached to the heart. Spread out the 
artery. 

a) Examine the valves. 

6) Observe the pouch made by each flap and the 

slightly dilated wall of the artery behind it. 
c) Note that the free edge of the valve is turned from 
the heart, and has in its middle a little nodule 
(corpus Aiantii). 
1 3) Open the lefl ventricle in a manner dtnilar to that 
employed for the righL Then open the left auricle 
by cutting a bit out of its wall. Cut the aorta off 
about half an inch above its origin from the heart, 
and note 

a) The aperture between left auricle and left ventri- 
cle. 

i) The passage from the ventricle into the aorta, 
c) The entry of the pulmonary veins into the auricle, 
if) The septum between the auricles and that between 
the ventricles. 

13) Pass the handle of a scalpel from the ventricle into the 

auricle; another from the ventricle into the aorta j 
also pass probes into the points of entrance of the 
pulmonary veins. 

14) Slit open the left auricle and note 

a) The columns; camca^, and the smoothness of the 

6) The columnEE camcEe of the ventricle, also the 
considerable thickness of the wall as compared 
with that of the ri^t ventricle or of either of 
the auricles. 

15) Carefully raise the wedge-shaped flap of the lefl ven- 

tricle, and cut toward the base of the heart, until 



HEART jfCnON. 



the valve (miiral) between auricle and ventricle is 

brought into view. 

a) Note that one of its two flaps lies between flie 
auriculo- ventricular opening and the origin of 

the aorta. 

i) Ejtamine in these flaps their texture, the chordse 
teiidincEe, the columns earner, etc. 
c) Examine the semilunar valves at the exit of the 

i6) Slit the aorta carefvilly bet« L'L>n two of these valves. 

a) Examine the bit of aorta still left attached to the 
heart and note the thickness of its wall, ils 
extensibility in all directions, its elastid^ and 
firmness. 

6) Note tlie valves. 

c) Note the origins of the coronary arteries in two 
of the three dilatations of the aortic wall above 
the semilunar flaps. 

rf) Compare the artery with the veins which open 
into the heart. 

HEART ACTION. 

Maleriab t Frogs.* 
Ether. 

Two sheep's hearts. 
Appcmtlia ! A piece of sheet cork or of thin board with a 
half-inch hole cat in it. 
Microscope. 
Caliper rule. 

* AnstomJcallj a frog's heart diflen in many respects from ^1 of a 
mammal, but the pbeDomeoa of systole and diastole are essentiall]' the 
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Cardiograph. 
Marey tambour. 

Circulation apparatus made from tmlb sfringe, 

such as may be obtained at the drug store. 
Manometer. 




Several feet of glass tubing. 

Glass nozzle (glass tubiifg drawn out in flame). 

Scalpel. 

A piece of sheet lead such as comes in tea chests. 

Scissors. 

Forceps. 

Rod, i inch diameter (a small test tube). 

Glass window (a circular piece of glass inches 

in diameter, cemented into a short tin tube). 
Graduate. 
Two basins. 
Pemonslratiom : 

i) Take a medium-sized frog. Wrap it carefully in a damp 
cloth and then in tea lead so that one foDt is outside 
the lead. Fasten it to perforated sheet cork or board 
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and pin or tie toes so that the web of foot is spread 
over hole. Clamp in place on mitrostope stage. 
Focus carefully on web. Note 

a) Movement of blood corpuscles. 

b) Blood vessels in which blood is passing toward 

finer branches (arteries). 

c) Smallest vessels through which blood is passing 

(capillaries). 

d) Vessels in which blood is passing from small 

branches to Uirge trunks (veins). 

e) Rapidity of movement of red blood corpuscles and 

position in blood stream Also bending of red 

blood corpuscles at arterial branches. 
/) Movement of white blood corpuscles and their 

position in blood stream, 
g) Intermission of blood flow (?) and coincidence 

with heart beat. 
3) Cut the medulla oblongata of an etherized frog by nick- 
ing with the point of scalpel at right angles to the 
length of the body in the line joining posterior mar- 
gins of the ear disks. Introduce a blunt wire and 
destroy the brain * and spinal cord. Run a pointed 
match into the cut to prevent bleeding. 

Lay the animal on its back, and carefully divide 
with scissors the skin along the middle line of the 
ventral siirlace lor lis whole length. Make cross cuts 
at each end ot thi^ lonjiiudinal cut and pin out the 
flaps of skin. 

Next pick up with forceps the remaining tissues of 
the ventral wall near ils posterior end. and divide- 
them longitudinally a little on the left side of the 
* The fio^ is in this wiy painlessly kllleil. 
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middle line, being very careful not to injure eitlier 
the viscera in the cavity beneath or a large vein (an- 
terior abdominal) running along iht wall in the mid- 
dle line. 

About the point where the vein ]iasses from the 
wall to enler among the viscera of the ventral cavity 
are the bony and cartilaginous tissues of the sternal 
region. Raise the posterior cartilage with the for- 
ceps, make a short transverse cut in front of the vein, 
and, looking beneath the sternum, note the pericar- 
dium with the heart heating inside. Divide the 
fibrous bands which pass from tiie pericardium to the, 
sternum and with scissors cut away stemiim, etc, 
taking great care not to injure the heart. 

Push a rod of about half an inch in diameter down 
the throat so as to stretch the ]>arts ; then picking up 
the pericardium with the forceps, open it and gently 

a) Note the parts of heart : 

i) Ventricle, single in case of frog, 
a) Auricles, right and left. 

3) Bulbus arteriosus on front aspect of heart, 

4) Sinus venosus under the heart, seen by gent- 

ly raising the apex. 

5) Two aortas. 

6) Pulmonary veins and veiife cavte. 
6) Note systole and diastole of heart. 

c) Changes of color and size of its parts. 

d) Determine the order of contraction of the dif- 

ferent parts. 

e) Fqt aade under a ^ll-jar vitb a wet sponge, or a 



374 DEMONSTRATIONS AND EXPERIMENTS. 



piece of flannel soaked in water. Note duration 
of heart beat. 

3) To demonstrate the action of the valves of the heart, 

carefully remove a sheep's heart from the pericar- 

a) Aortic valve. 

1) Cut off aorta one inch above valves. Tie 

into it a piece of gla.ss tubing, down which 
pour water. Note the efficiency of the 

2) Tie a piece of glass tubing into one pulmonary 

vein and tie ofT the other. Fill the tubing 
with water. Squeeze ventricles with hand 

and note results. 

b) Mitral valve. 

l) Tie into ihe left auricle a glass window and 
watch appearance of mitral valve as ven- 
tricle is squeezed and relaxed. 

c) Mitral and tricuspid valves. 

i) Carefully cut the auricles away from another 
sheep's heart, talcing great «re not to in- 
jure the ventricles or the aiiriculo-ven- 
tricular valves. Then holding the ventri- 
cles, apex down, in one hand, pour water 
in a stream into them from a pitcher held 
about a foot above. Note ihe movement 
of ihe mitral and rncuspid valves. 

4) Take bulb svnnge and fit the oueHow tube to receive 

eiiiicr ii iin'i c 01 triiiss iiiiiuii.' .'lUDiii iwo feet long or 
ai J t n iii'li "sap" 

tuuing 1: aiso iireuare no/?,io vvnn a nole about j^inch 
m diameter which can be fitted to the distal end of 
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either glass or rubber tube. A basin of water and 
another basin into which to receive the discharge are 

a) Put aspirating end of bulb syringe in a basin of 

water ; fill syringe ; altaLh glass tube ; squeere 
and release bulb regularly every two seconds. 
Note character of outHow and measure amount 
for lo or 20 seconds.* 

b) Attach nozzle to end of glass tube; pump regu- 

larly as before and note character of outflow; 
measure outflow. 

c) Remove glass lube and attach rubber tube. Pump 

as before, noticing character of ouiilow, and 
measure the outflow for same period. 

d) Attach nozzle to rubber tube and test as in b). 
Determine factors contributing to unlfonti fiow. 

/) Connect a manometer with the arterial side of the 
apparatus and measure pressures developed in a, 
b, e, and d. 

g) Detennine the ration of the internal pressure to 
the »ze of the rubber tube in d (the How may 
be conveniently stopped for these measure- 
ments). 

A) Attach a large tube to nozde (to represent vein) 
in d and connect another manometer to it. 
Compare pressures. 
5) Record human pulse curve bf pres^ng knob of caidio- 
graph (Fig. 151) on carotid artery at side of larynx 
by means of a band around neck. Connect this 
with a Matey tambour (Fig. 150) on recording appa- 

* Attempt iltialA Ix made to iqaecK the balb iritti tli? now fotW 
tliroustiaut thcK eiperimenli. 
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ratus and move the smoked glass * over the writing 

point to scparalc the records. 

a) Note the general form of curve. 

3) Note the dicrotic wave. 

c) Interpret curve in relation to size of artery, 

ANATOMY OF THE RESPIRATORY TRACT. 
Malerials: Sheep's lungs with windpipe and heart attached, 
to prevent puncturing of lungs through careless 
removal of heart. 
Rat or kitten. 
Frog. 

Chloroform. 
Normal salt solution. 
Ajfarahu; A few inches of glass and of rubber tubing about 
i inch diameter. 
Some small object, as a piece of cork or rubber. 
Microscope. 
Ditsection or Demonstration; 

i) Examine the windpipe of the sheep and trace its division 
into the bronchi. 

a) Notice in its wall the horseahoe-shaped cartilages, 
which keep it open and which are so arranged 
that the dotsal aspect of the tube (which lies 
^lainst the gullet) has no hard parts in it 
3) Slip a rubber tube on the end of the glass tube and in- 
sert the other end of the glass tube into the trachea ; 
tie firmlj"; blow out lungs and tie rubber tube to 
keep distended. Note 

a) The extensibility and elasticity of the luigs. 
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b) The size and form tiie lungs assume when dis- 
tended. 
, c) The space for the heart, 

d) The concavity of the lower (diaphragm) surfoce 
; of the distended lungs. 

e) The lobes. 

y) The pleural membrane. 

3) IVace one bronchus to its tung. 

; a) Cut through the lung tissue and follow the branch- 
ing bronchi through the lung, 

b) Note the cartilage rings in their walls, 

c) Note mucous membrane lining tubes. 

rf) Wash surface with normal salt solution ; gently 
scrape with scalpel and examine scrapings, under 
microscope. 

4) Remove from a chloroformed lat or Idtten^ abdominal 

viscera, cutting away the liver and stomach with 
especial care. 

a) Examine the vaulted diaphragm and through it 
the lungs, 

5) Scizesomeof thefoldsof&eperitoneumattached to the 

diaphr^m and pull it dawn, imitating its contraction 

and flattening in inspiration. 

a) Observe corresponding movements of hmgs, 

6) Make a &ee opening into one side of the thorax. 

a) Note behavior of lung. 

7) Open the other side of the chest. 

<t) Note result upon the lung. 

b) Observe the structure of the diaphragm (its ten- 

dinous centre and muscular periphery) and also 
the attachment of the pericardium to its thoracic 
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8) Place sl recently killed frog On its back. Fasten lower 

jaw wide open, 

a) Place small object on roof of mouth near nose. 

Note movement, 
i) Examine scraping from roof of mouth in normal 

salt solution under microscope. 

9) Remove as much of rrsophagns as posuble; Split it 

open and pin out. 

a) Place small object upon it near mouth end ; nole 
behavior. 

I) Set aside under moist glass; note position of 
mucus on sui&ce at end of a ht^f-hour.* 



RESPIRATION. 

Sfaterialt.- Wood shaving. 
Lime wafer. 
Hydrochloric add. 

Blood clot, defibrinated blood or piece of liver. 
Lun^ of cat or lat 
Afparahu: Thermometer. 
Minor. 

Wide-mouthed bottle. 
Test tube. 
Glass tubes. 
Rubber tubing. 

Bell-jar of two quarts' c(q)acity. 

She^ rubber. 

Pinchcock. 

* Cilia are present in respiratory patuge^ bnt not In the ceMptr 
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Rubber stopper with double perforations, to fit 
bell-jar. 

Two pieces of glass tubing, one bent, to fit per- 
forations of stopper. 

Water- valve respiration apparatus for carbon 
dioxide. 

Exptrimeitts and Demonslrations : 

1) Note the effect of breathing 

a) On the bulb of a therraometer. 

On a mirror, knife blade or other polished metallic 

2) Bum a shaving in a wide- mouthed bottle of air and 

close tightly. 

d) Pour lime water into the bottle and shake. Note 

result (carbonate of lime). 
h) Four a few drops of hydrocbloric add into o) and 

c) Blow breath throu^ a tabe into a solution of lime 

water. 

d) Add hjdrochloiic acid as in 3). 

e) Demonstrate by means of ^e water-valre respira- 

tion apparatus (Fig. i53)the relative amounts of 
carbon dioxide in atmospheric air and in expired 
air, by partly filling bottles with lime water and 
breathing through Uinn. 

3) Blow breath tluough a weak solution of lime water 

colored wi& phenolphthalein.* 

4) Cut open blood clot or piece of liver. 

It) Compare freshly' cut surface wiUi sui&ce exposed 
to air. 



* FbeDo^thaldR is pinlc in allcalbi; solatians, colorlesa in acid. 
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b) Place freshly cut piece of blood clot or liver into 

a bottle containing oxygen. Or 
b') Shake defibrinated blood in bottle containing 

oxygen. Mote result (oxjhoemoglobin). 



5 Connect manometer by a piece of rubber tubing with a 
piece of glass tubing in the mouthy place also in the 
mouth a short piece of tubing ^ to 4 inch diameter. 

a) Breathe as ordinarily ] note changes in pressure as 

shown by manometer. 

b) lireathe quickly ; note changes as above. 

61 Substitute for glass tubing in 5) a glass tube drawn 
out to a point. 

a) Breathe as ordinarily ; note pressures. 

b) Breathe strongly ; note pressures. 

7) Connect the distant end of the rubber tubing from th* 
tube in the mouth to the Marey tambour and record 
jhe curves .made by the writing point 
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8) Illustrate the action of the diaphragm by substituiing 
for the chest wall a bell -jar of two quarts' capacity 
(Fig. 154). Tie the lungs of a cat or a rat OQ along 
piece of glass tubing which is then passed up froni 




beneath through one of tlie perforations in the stop- 
per. Seat the stopper firmly in the mouth of bell-jar. 
Stretch a piece of heavy pure giun sheet rubber over 
the larger end of the bell-jar and tie it firmly in 
position. Press the rubber membrane down on the 
top of a bowl and close Ihe rubber tube at the end of 
the bent f(hs.s tube with a pinchcock. 

a) To represent inspiration, lift the bell-jar from the 

bowl, allowing the rubber membrane to flatten, 

b) To represent expiration press the membrane on the 

c) To represent the effect of a puncture of the chest 

wall, open the bent tube, when the jar is lifted 
from the bowL 
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RENAL ORGANS. 

Malerialt ; 

Rat. 

ChlOTofoniL 
Fresh sheep's kidney. 
Apparatus : 

Sponge 
Bell jar. 
Stout sdssois. 
Bristles. 

Diuection or Demoiatrattont ; ' 
Kill a rat by placing it under a bell-jar with a sponge 
soaked in chloroform. 

1) Open the abdomen, remove the alimentary canal, 

and cut away with stout sdssois the ventral 
portion of the pelvic girdle. Note the dark red 
kidneys on each side of the dorsal part of the 
abdominal cavity, the right one nearer the head 
than the left. 

2) Dissect away the connective tissue, etc, in front 

of the vertebral column, so as to clean the in- 
ferior vena cava and the abdominal aorta. 

a) Trace out the reiul arteries and veins. 

b) Find the ureter, a slender tube passing 

posteriorly from the kidney, and trace 
it to the bladder. 

3) Dissect away the tissues around the urinary blad- 

der. Note its form, etc. 

4) Open the bladder. 

a) Find the orifices of the ureters, and pass 
bristles through them. 
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i) Note the mucous membrane lining the blad- 
der. 

5) Remove one Icidney from the body and divide it 

from its outer neatly to its inner border; turn 
the two halves apart. Examine ihe cut surfaces 

a) At the inner border the dllatatibti of the 

i) The outer cortical portion ortheMdney. 
c) The medullary portion, 
rf) The papillte. 

6) Obtain a fresh sheep's ludney. Divide it fFom its 

outer to its inner border, and demonstrate 
a) On the cut surfaces the cortex and me- 
dulla. 

ff The pyramids of Malpighi and the ofT- 
shootB of the cortex extending between 

ANATOBinr OF THE NERVOUS SYSTEM. 
Maleriah t 

Frog. 
Ether. 

Fresh calf's or sheep's head. 
Alcohol. 
A^aralut ; 

Stout scissors. 
Bone forceps. 
Dissection or Demmsfrations; 

Kill a frog with ether ; open its abdomen and remove 
the viscera. 

a) Note at the back of the abdominal cavitya bundle 
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of white cords (nerve tninka) passing to each 
leg. 

i) Trace the sciatic nerve Into which they unite and 

dissect it along its course until it ends in fine 

branches in the hind leg. 
a) With stout scissors cut very carefully bit by bit the 
bodies of the vertebnc (which will be seen projecting 
in the middle line at the back of the abdominal 
cavity) until the neural canal is laid open and the 
Bpinal cord exposed. Note 
a) The origin of the nerves from the spinal cord. 
i) Their divi^on into anterior and posieriot (ventral 

and dorsal) roots before they join the cord. 
c] The gwglionic enlargements on the posterior 

roots. 

3) Turn the frog upon its abdomen and remove the skin 

and muscles on the dorsal side of the spinal column. 
With great care cut away the upper two thirds of the 
neural ajches of the vertebras. Then remove the 
upper half of the skull cavity. Gently raise the brain 
and spinal cord, divide the nerves which spring from 
them and lift out the whole cerebro-spinal system 
and place it in alcohol for twenty-four hours.* 
Note 

a) The origin of nerves from both brain and cord.f 
i) The union of the brain and cord, etc. 

4) Dissect away the skin and muscles covering the 

f Aftog'shrain differs in niaiij iniplirlant poinls from lhat of a mam- 
noii, u in the very small cerebellum, the oamparatlvely small cerebral 
hemiaphereB, the comparatively large mid-brain and the absence of con- 
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' -craniuiii of a calfs or sheep's head. Then with a 
Email saw very carefully divide the bones in a drcuhr 
diiection, so as to cut ofT the cronn of the head. Next 
carefully remove the loosened bones of the top of the 
skull, tearing them away from the dura mater lining 
them. 

a) Demonstrate the tough dtira mater oiveloping the 
brain. 

• b). Cut it away and note the processes which it sends 
between the two cerebral hemispheres and be- 
tween' the ccicbellum and the cerebral hemi- 
spheres. 

c) 'Cut the membrane away and note 

i) Its glistening inner sutJace, ;due b> the 

arachnoid membrane lining- it. 
a) The pia mater Aill of blood vessels and 

. closely attached to the brain. ' 
3) The glistening arachnoid layer covering the 
exterior of the pia mater. 

d) Put the specimen aside in the hardening solution 

for a day or two. When the brain has become 
somewhat hardened dissect away the pia mater 
on one side and show 

r) The cerebral hemispheres and their surface 

convolutions, 
9) The cerebellum and its foldings. 
3) The medulla oblongata beneath the cerebel- 

«) With hone forceps cut away the remainder of tbn 
sides and roof of the skull. Find 
i) Nerves to eyes, 
3) Nerves to nose. 
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f) Raise the brain in front and cut througli the ves' 
sets, nerves, etc., which atta<:h it lo the liase of 



the skull cavity; 


remove it from the skull 


cavity. 




i) The cereiiral her 


uispheres, which overlap the 


cerebellum iiii 


ich less than in roan. 


a) Cerebellum. 




3) Mid-btafii, etc. 




4) Stumps (jf iht 


raiiial iiL-rves attached to the 


base of tliL' br 




5) Optic commissi 


J re, with the optic tracts 


leading to it. 




6) Stumps of the optic nerves leading from it. 


Make sections across 


the brain in diRerent direc- 



tions and note 

i) Gray matter spread over most of its snr&ce. 
9) The nodules of gray matter imbedded in its 

interior. 



NERVE ACTION. 

Malerials: Prog. 

Blotting paper. 

Vinegar. 
Apparahis: Stout scissors. 

Bone forceps. 
Blunt wire. 
Demomlralions or Experimenls: 

i) Feign a blow at a person's eye after having told him 
that he is not to be actually struck, 

* Host of these will have been torn off unless the dissector has lome 
tccbnical ikilL 
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3) a) Count a boy's pulse and brealhii^ while he is sitting 
quietly. 

t) Let him mn a hundred ytuds at full speed, and 
immediately comit pulse and tmathing movements. 
Compare results. 

3) Tickle the inside of the aoefi with a feather. 

4) Place a live frog on a taUe and note its movements and 

reactions to varying conditionB: 
a) Breathing, 
i) Winking, 
c) Jumping, etc. 
Voluntary Reaction {Cham Reaction): 

5) Divide the class into two equal groups so arranged in 

series that a sigB^il may be passed from one to another 
of each group by touching hands. Let some one give a 
signal by touching the hand of each of t)ie iirsl members 
of the two series. As soon as the pressure is felt, let 
them transmit it lo the nest and so on until finally 
the last members of the series press on the hands of 
the instniclor, who ilccidea which signal came first.* 
a) Chain reaction with eyes shut. 
b") Chain reaction liy one series with eyes shut, other 

series looking on. 
e) Conditions in h) reversed. 
Reflux Reaction: 

6) Pre[>are a frog f bj- destroying its brain as soon as it is 

under the influence of ether. 



* To record itnighl)' the time of a ihgle retctlon or <tf a chain raac- 
titm, Ihe inventive teacher can use a pendulum beating seconds and a 
lecordlng apparatos such as was used for cardiogiapli traeingl, with a 
Marey nunbour to tiansmll Ihe slgnaL 

1 This il belt done an hour or two before tbc experiiaenl. 
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a) Note leactions of frog 
i) When toe is pinched. 

a) When small bits of blotting paper soaked in 
vinegar are put one by one on different re- 
gions of its skin. (Dip the animal in clean 
vater after each application to wash avay 
the vinegar.) 

b) Destroy its spinal cord by running a blunt vire 

down the neural aaaX, Repeat a) and compare 

e) Tom frog (2) on its back and carefully expose the 
origins of the sciatic nerves. Finch these and 
notertsolt. 

SPECIAL SENSES. 

DERMAL SENSES. 

A^ralttt: Drawing compasses (any form, not too sharp, 

may be used). 
Scale graduated to millimetera. 
Vessel of cold water. 
Vessel of lukewarm water. 
Vessel of hot water. 
Forceps. 

Experiments (hoo students working together): 

i) Take a straight piece of hair in forceps and, by ascer- 
taining the greatest length which will give rise to a 
sensation of pressure, determine the relative senutive- 
ness of 
a) Palm. 
i) Back of hand, 
^■•l^^ c) Forehead. 
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a) What is the least distance that the two points of the 
compasses may be separated and still be reco^ized 
as two when applied to 
o) Finger tip ? 
b) Back of hand ? 
<;) Back of neck ? 

3) a) What sensations are caused by the light pressure of 

a pencil point on the back of the hand? 
S) Are the cold points constant in their position 7 (Test 
from day to day.) 

4) Temperature sense. 

a) Put a linger of the right hand into warm water and 
a finger of the left hand into cold water. Note 
the immediate sensations and the change in 
seDsations after the fingers have remained some 
time in the water. 

^ Withdraw the fingers and plunge both immediately 
into the vessel containing lukewarm water. 
Compare the sensations of the two fingers. 



Materials : Onion. Dilute ammonia (one drop of 

Sugar. strong ammonia in a glass ' 

Salt, of water). 

Dilute Vinegar. Cabbage. 

Carrot. Quinine. 
Experiments (hoo students working together) : 

i) Eliminate odor by holding the nose and determine 

■ Cue should be taken not tg eihaort the tents organ* by orw-ttini- 
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a) Which of these materials have odor. 
* i) Which have tasfe. Classify them. 
c) Where " taste " is located in the mouth. 



A/ifiarafut Tuning fork and resonance chamber. 
Stretched wire or catgut (violin). 
Violin bow. 
Demamlrations and experiment : 
I. Sound dependent on vibration. 
3. Pitch* " " rapidity of vibration. 
3. Volume " " extent of vibration. 

5. Test of acuteness of hearing with watch at varying dis- 
tances from ear. 

■ 6. Test the sense of direction by hearing, 
a) Using both ears and dosing eyes. 
6) Using one ear " " " , 



MaJeriaU 1 Fresh eye of white rabbit, calf or sheep. 
Af^aius : Cards with two parallel fine black lines ^ m-m. 
apart. 

Cards for blind spot (spots 2 in. apart). 
Worstedsfbr color test (Milton Bradley). One 
skein of each of the standard prismatic colors 
with theii tints and shades will supply a large 
dasE if cnt up into small hanks. 
■Fitch may be graphically demonstraled bjr means of a nunometrlc 
Ramc and a revolvii^ minor, using the voice or a cornel for the produc. 
tion of tones, 
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Color top vith color disks (Milton Bradley). 
Prism. A small glass prism, 60° angles. 
Photographic camera. Any photogr^hic camera 

which bas a. ground glass will answer. 
Spectacle lenses, concave and convex. 
Candle. 

Screen, a piece of cardboard placed in a vertical 
position on base. 
Demonslrations .■ 

1} Remove eye from the socket of a freshljr killed rabbit. 
Pcnnt eye toward a window and note 
a) Image of window on retina. 
V) Size and inveision of image, 
a) Demonstrate formation of image by a lens. Use a, 
camera with ground glass, or an ordinary magnifying 
glass, and receive image on paper. 
3 Demonstrate effect of diaphragms on brightness and 
sharpness of image. 

4) Analyze white light by means of a prism, throwing 

spectrum on white paper. 

5) Mix colors by means of color top. 

a) Black with white in dilfercnt proportions (grays). 
h) Various colors with white (tints), 
c) " " " black (shades), 
rf) " " " each other. 

6) Test color blindness by giving to pupil a set of the 

standard colors and their tints and shades ; hold up 
color and ask for the selection of all pieces resem- 
bling it. 

7) Use lenses and lighted candle for the formation of 
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a) Near sighledness. Arrange screen just behind 
the focus of lens (image on screen somewhat 
blurred). Place concave spectacle lens in front 
of magnifying ^\3m and note lesult. 

t) Far sightedness. Arrange screen just in front of 
tbe focus of lens (image on screen somewhat 
blurred). Place convex spectacle lens in front 
of magnifying glass and note result. 
3) Indicate by means of diagiams 

a) Corresponding parts of retime. 

b) How size and distance of objects are estiinated. 
Experiments ; 

1) Sharpness of vision. 

What is the farthest distance at which the two parallel 
lines on card can be seen as two (using one eye) 

a) When card is held in line of vision ? , 

b) When card is held 2o° awa.y from line of vi»on,? 

2) Changes in iris. 

a) Sit facing a window ; cover one eye with hand for 

one minute, Quicltly uncover eye and note 
changes in pupil by means of a mirror. 

b) Observe eye of companion in a imiformly lighted 

room or out of doors, and compare the size of 
pupil when looking at a distant object with that 
when looking at an object six inches away. 

3) Blind spot. I 

What is the distance at which the right hand spot on 
cai^ dis^peais when one looks at the left spot with 
right ej^ holding the card so that the spots are 
on the ^me lerel ? " - 

(Draw a diagram of an eye and locate the axis of 
vision, blind spot, lens, iris, cornea, retina.) 
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4) Accommodation: Determine the range of accommoda- 

tion in your own eye. 

5) Binocular vision, 

a) Hold two pencils vertically in front of the eyes, 
one at a distance of one foot, the other at two 
fecL When looking at either one what is the 
appearance of the other, and why ? Show by 
diagram. 

B) Under what conditions do you see " single ' ' when 
iKing both eyes ? 

6) What are the movements of the eyeballs in changing 

from far to near vision 7 

7) Test visual judgment of ' 

a) The sizes of disks of different colors (black, white, 

red, etc.) but of the same size. 
i) The lengths of vertical and horizonial lines of the 

c) The two halves of a line, one of which is crossed 
by several short lines. 



INDEX. 



Abdominal reapiration, gQfi 

Absorbenls, Sjj 15^ ifil ; tela- 

Abaorption, from the mouth, 
pharyni and gullet, ; 
from ihe alomach. 1^4 ; Irom 
the email intestine. iMJ f™™ 
the large intestine, 146 ; "t 

Accommodation, x]b 

Acetabulum, 42 

Acid, acetic, gj; glycocholtc, 

16; taurocholic, 139 
Acinous glands, lo;, log 
Adam's apple, 390 
Afferent (sensory) nerves, a So. 

Au^~changeB produced in. by 
being breothed, aoq; necea- 
»ary quantity of, lor each pcr- 
Eon. 212; quantity of. breathed 
daily, 193, 208; Renewal of, in 



J why tl 



;9 mi V 



Air-passages, Ig;; cilia of, 1 95 
Air-saCB, lg7 

Albumin, egg, ij. 33; serum, 
IS 

Albuminous (proteid) suh- 
■i«n.— ,c. ,,ciion of bile on, 
ic juice on, 135; 



mi spei 
food, 8j 



ipeclal imponauce of, : 



Alcohol, 28; as a food. 98 

Alimentary canal, 6, 81; ab- 
sorption from, ya; anatomy 
□ f, 110; general arrangement 
of, iq6: subdivisions of. no 

Alimentary principles, gjj car- 
bohydrate. 9^: hydrocarbon, 
aij inorganic, 2JJ proteid, 93 

AlVSoh (see Air-sacs) 

Amyloid5"^ee Carbohydrates) 
Amylopain. 131 
Anamia. 151 

Anatomy, human, Li" 



Ualomy,of alimentary canal, 
no; of circulatory organs, 
tOj; of ear, 279; of eyeball, 
afcg; of joints, 46: of larjns, 
gfig; of liver. iiBj of muscular 
syalem, Jjj of nervous sys- 
tem, ajo; of respiratory or- 
, I32jOf skeleton, ij; of 



skin, : 



i; of urii 



AiTTiiials. classilicaclon of, b 

(foot-note) 
Animal charcoal, 43 
Animal heat. Jb 
Ankle joint, 33, 



I. 35= 



Apex beat (cardiac im 

iSo 

Appendic'ular'sEcfeton, ! 
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Ancrial blood. 130, 

Arierieo. i6j. 163 ; 
axillary, i;o ; brc 



INDEX. 

BacKbONB (see Vertebral c 
Bacleria, 301 

Hall and eHil[et joim(enarLli 

cineni mcinbiane, 105 
c Qt heart, 165 
Bathing, iqj, siE ; proper li 



i1ia«. m; coronary, 16S, 162; 
lemoral, 170 i hepatic, uS ; 
Innominate, ; left eom- 
mon carotid, ~]6<) ; left aulj- 
clavian, l6gj mesenteric, rjo; 
peroneal, ijo; popliteal, no; 
pulmonary, 162 : rndial. qo, 
iM; renal, IJO^IIS. 21B; right 
common caroPd, l^oj right 



Arterioles, iji 
Articular cartilage, 30, ^ 
Articular extremities of^ones 
33 

Articulations, ig 
Arytenoid cartilages, sol 
Assimilation, Is. 86 
Astigmatism, rj6 



Audlioi 
Auricle 
1^3 



Axillary artery, 170 

Axis cylinder TSeuron) of 

' fis verted, y 



of, 



, definition of, 
S3, SS S6 
Bicuspids (premolars), ixs 
3ile, lag, 139 ; action of,-in fat 
absorption. IJ^ ; uses of, ijji 



!. 126 



ings. iij; circulaiioi 
coagSTS^ljon of, 152 



15^ 

veins. 'i92J functions of, m, 
14B ; gases of, 155 ; hisiology 
of. ijS; as a medium of ex- 
change, 155; hygiene of, 156J 
quantity 01, in the body, 
1ST , red corpuscles of, 1^ 
whipped (delibrinated), isj 

Blood plasma, 1^8, 153 

Blond-3erum, 152 ; composition 
of, ly 

Blushing, igo 

Body, centre of gravity of, bS; 



ajoj 

loo; gcneri 
in the, 64J 



daily need of foo 



£j ; pulleys in, 61; 
of blood in, 157 ; ' 
c of body 10 ipj*f- 
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of. a 



; tot 



of, 4?: f. 
lion of, u; gross strucliire 
of. 36^ histology of, jo_; in- 
ternal structure of, 38; of 
cranium. iS ; of ear, 319 ; of 
lace. 23; of lower limb. 2J ; 
of pectoral arch, 20; of pelvic 

reason that they are hollow, 
38; varieties of, 39 
Bone-ash, 

Bone-black (animal charcoal). 



. growth of, 261; 

hygiene of. 161: localiiaiion. 

351 

Bread, composition of. ^ 
whcaten. supciioticy oi,g2 

Bronchi, 105 
Bronchitis, 106 

Buccal cavit/ {see Mouth cav- 
ity) 
Butter, 
Butyrin, 

CA1<l<Aat\. nutritive value of, 

SB 

Cfecum, iifi 

Calcaneum (heel bone), 32 
Calcium carbonate, LS. i3 
Calcium phosphate, 15, 4i. ii. 

96 

Calices of kidney, xn 

Canaliculi of bone, il 

Cane sugar, 35 

Canine teeth. U2 

Capillaries. 16^, 112; absence of 

pulse in, iSg: circulation in. 

187. laaj pulmonary. t6q; ays- 

temic. 1&6 
Capsular ligament, 
Carbohydrates (amyloids), 16, 

<I4'. kinds of. in the body, iJj 
Carbonate of lime, 15,43 



product, Bj; in the blood, i^^; 

some air, gii, aijjj quantity 
of, passeil from the lungs in 
a day, 210; useless as a Food, 
go 

Cardiac impulse (apex beat). 
Cardiac orifice of stomach, 121 



Cardio-motor nerves, 2£2 
Carotid anerles, i6q, 170 
Carpal bones, it, 33; joints be- 
tween, 51 
Carrots, nutritive value of, 98 
Cartilage, articular, 20, jBicells 
of, 12; costal, 38; funclIBn of, 
si; intervertebral, a?, 25 
Casein, l6j 23j vegetable, 23 
Cells, ir, 12; air, of lungs, 197; 
cartilage, 121 ciliated, of air 
passages, 135; forms of, tij 
nerve, zgl: plain muscle, 60; 



Cenlrts. reflex, use of, 
Centrum of vertebrffi. 
Cerebellum. 2391 func 



of, 



Cerebral hemispheres. 239 
Cerebro-spinal liquid, 135 
Cerebrum, 156 

Cervical enlargement of spinal 
cord. 236 



Chee 



vical V 



e value of, 92 
.nemicai cnanges in respired 

;heraical composition of albu- 
mens, lii of bile, ol 
blood-serum. 15^; of body, 
Li: of bone. ^ of carbohy- 
drates. 16; of fats, 16; of gas- 
tric juice, us; of lymph, 16?; 

secTelioo';' of'' "or- 
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1 UQ: of respired o; 
e Thorax) 



Chorda; tendinea 
Choroid, 269 
Chyle. 136. ui 
Chyrae. 136 



Circulat 



. 181; f 



n cap ^hi^ 



m; pul . _ 
lemic, n(i; diagram ot, 118 
Circulalory organs. 161; rela- 
tion of, to cKcretioQ, 86; dia- 
gram of, 164 
Circulatory system, function of 
the different parts of the, J63 



Circumvallale papi" 
Clavicle {collar-boi 
Clotting of blood (i 



ilia. 116 



ion) 
oagula 



I of bloc 



of, 152; uses of, iSi 
Coccyx, y 
Cochlea aSo 

Coffee, ga 

Cold, eiposure to, Icji 

Collo[ds?"ili,'''^"'''' ' ^ 
Colon. 12& 

Colorless blood corpuscles. 150 
Comminuted fracture of bones. 



Complemental a 
Concha, i;g 



itions of. 25 
classilicalion of, 

power of the body. 



Cord, spinal, functions o 
254 

Corn, nutritive value of, 

Coronary arteries, 16B, 169 

Corpuscles of blood, ij8 

Costal ca^rtilage, 28 
Costal respiration, 206 

32 

Cranium, bones of, sH 
Cricoid cartilage, agi 
Crypts of Lieberknhn, 125 
Cryslalline lens. V]i 
Crystalloids, 146 



Dermis, 22;; papilla; of, 323 
Development of the body, agj 
Dextrin, 34 



iQT. loS: relation of diet li 

work. lOi 
Dietaries, standard, lo^ 
Differentiation of tissues, 236 
Digastric muscle, 56 
Digcslion, S4. icifi: gastric, 35 

influence of saliva in. I^Jj in 

tcslinal, 181: object of, i^i 
Diphtheria, inoculation in, 301 



DlgnuedbyGoOgk 



INDEX. 



Dislocations, ^ reductio 
51 

Division of labor, pbyEii 



Duct, common bile, i^o; cysiic, 

gland, iig; of submaxillary 

gland. Ilg 
Duodenum, 123, 130 
Dura mater, 13s 
Dyspepsia, 142 




Expiration, igS, 203 



External ear, 370 

Eye, accommodation of, globe 
of. 26a; hygiene of, 2JU re- 
fracting substances of, 774 

Eyelashes, 262 
Eyelids, 
Eye-socltet, 266 



of 

bile on. IJij of gastric juice 
on , n 5 ; of pancreatic secre- 
tion on, 13a; as a reserve 
food, 28, 3lJ emulsifying of 
118, 141 ; kinds of, in body, lit 
Fatty acids, 

Fauces, 119; isthmus of the, 

110, njTprilnrs of the, Mg 
Femoral artery, ijo 
Femur, 21, 42 

Fibres. 11; plain muscle, ^ 
striped muscle, 53; nerve, 

Fibrills, 59 

Fibrin, 16, 153 

Fibrinogen, ai, 133 

Fibula (peroneal bone), 21, 33 

Fifth pair cranial (trigeminal) 

nerves, 
Filiform papills, llj 
Flatulence, ua 



position of, SB^ cooking of, 
21; inorganic, 25: alcohol as a 
food, gB; need of, ;6, u; non- 
uxidizable, guj nulrilive vat- 



INDEX. 



■ as of different, 96; necessity 
of proteidi gu special impor- 
tance of albuminous, sup- 
ply of animal, qq 
Food principles, fuel values of, 
95 

Foodstuffs (see Alimentary 

principles) 
Foot, skeleton of, 22; peculiari- 



of hur 



1, 35 



interveriebral, yj 
iiiu^iium, 2S, as-l: oval, i&a 
Force-generating foods, 91 
Force-regulating foods, gt 

Fore-limb (see Upper-limb) 

Founh pair cranial (pathetici) 
^ nerves, 

Free (floating) ribs! aH 

Frontal bone, aB 

Fruits, nutritive value of, 98 

Fuel values of food principles, 

tone. 2! 

Furred tongue, m 

Gall (see Bile) 

Gall bladder. 139 

Games, use of, 23 

Ganglia. 23^, 253 ; Gasserian, 

3^1; spinal, z^fi; sympathetic, 

2i3 

Gases of the blood, 1^ 
Gasserian gangliun, 
Gastric digestion, US 
Gastric glands, 121 



I, 152 



Glands, 1d6: forma of, ioq; gas- 
tric, 121; internal secretion 
of, BUI): kinds of. 107: lachry- 
mal, 102; lymph, IM; mam- 
mary, 8; Meibomian, a6i; «f 
skin, 126: of small inlesline. 
135; salivary, 113 



Glenoid fossa, 49 
Gliding joints (arilirodia), 31 
GloBso-pharyngeal nerves, 242 
Glottis, iBS 

Glucose (grape sugar), 16. g^; 

conversion of starch into, 132 
Gluten, gi gl 
Glycerine, 16, ai 
Glycocholic acid, 133 
Glycogtn, 16, 95, 130, lij 
Grope sugar (see Glucose) 
Gray nerve fibres, 2^ 
Gullet (see (Esophagus) 



Hand, skeleton of, zi 
Hard palate, lu 
Haversian canals, 40 

Health, delinilton of, 301 
Hearing, yg 

Heart, j; beat of, 180; cavities 
of, 16&; dissection of. i;B; 
position of. 165; how nour- 
ished, 161; muscle of, 6lj 
nerves of, iS*;; palpitation of, 
122: sounds of, iBjj vessels 
connected with. 166; worlt 
done by daily, iSj 

Heat of body, source of. 36; in 
fluence of starvation upon, 
II 



15.95 
Hepatic artery, 129 
Hepatic duct, 12& 

Hibernation, ii (foot-note) 
High heels, bad effects of, 43 
Hilus of kidney, 512 
Hind limb (see Lower limb) 
Hinge joints (ginglymi), 43 
Hip-joint, 21.46 
Histologj, definition of, 2; of 
blood, of bone, 40; of 

kidneys, gtS; ol lungs, 132; o£ 
iymph, 161; of muscle, jSj o( 
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nerve cells, aj^: of ner 

fibres, 244: of retina, 271; 

skin. 22a 
Hollow veins (see Vens cavo 
Human anatomy, deRnilion ( 

I. t 13 

Human pliysiolugy, definilion 



testines, digestion in, litj 
large, 125 (see Large Inles- 



Hydrocarbons (see Fats) 
Hydrochloric acid. Lii US 
Hygiene, definition of. 1, 2; of 
blood, is6; of bony skeleton, 
— . of brain, 261: of eyes, 2T!: 



Iris. 269. 113 
Irritable tissues, 296 
Isthmus of (he fauce 



of muscles, 2Ii 
205; of sliin, 21 

Hyoid bo"- 

Hyperme 

Hypermetrop 

Hypoglossal 



U of teeth, 114 
, zo. us 



1leo-c(ecal valve, i?7 

munity from disease, 
pulse, nature of nervo 

...:us (anvil bone). 23o 



Joints. ._gj ball and socket, iS; 
general structure of. ili; glid- 
ing. 51; hinge, 49; pivot. 50; 



s. 7,^3?ei gross an- 
of. 213: histology of, 

p (patella) 21 



cof hodyio, 
■mniillarybone{m, 



Inferor turbin. 
"oTpelvi 



Labor, physiological divisioi 

Labyr^th [inlernal ear). iSq 
Lachrymal apparatus. 26T 
Lachrymal bones. 2q 
Lachrymal glands, loj 
Lacteals. 124, 145, tbt 
Lactose (milk sugar), 16. 



Inorganic foods, 95 

Inspiration. iqS. Soj 
Intercellular substance, u, r 
[ntercenlrfll fibres. 25a 
Internal ear (labyrinth), 27q, 2I 

eriebral foramina, 2 



V of bon 



Lamellx of b 

Large intestine. Ill, 125; ab- 
sorption from, r^ 
Larynx, Igs, 2B11: muscles of, 

Lei!^skeleton of . 21 
Levers in the body. 6^ 
LleberkUhn, crypts of, izj 

Lig:.menls,'iS,i2; 
round. IJl <■'• 
atlas. Si 5u 



&3 
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LiKhl, actiun df. on the i 



Long bones. 

Long Eighl (hyper 



bone of, ajj move- 



LumblV^rlcbrie, 2a 

Lungs, 6,8^ 136: changes un- 
dergone byBiood in, 2U: 
elBSiiciiy of. 198; quonlily of 
COj passed out him. in a 



Lymphatics 
Lymphalici 



Malleus (hammer) bum 
Malpighi. pyramids of, 
Mallase, 131 
Mammalia, definition ol 
Mammary glands, S 
Mon. as o vertehraic an 
to: place of, among 



MarKarin, 54 

•Urrow, jCjaired, 38; yellow. 



Maxilla (s.^perlor 

bone). !y 
Maxillary acrvc, inl 



Medullary c 
40 

M^ultary s 



Mouth cavity, IIO, IIIj absorp- 
lion from, 3±( 

Movemenla, at joints. ^ of 
eyeball. 368^ of the bodyTIioiv 
effected, ^6; in space, fig 



Mumps, irg 

Musclus, 46, J2; chemical com- 
position ol, bl^ conlraction 
oi, sjj gross structure of, J^j 
biscology of, SS; hoiv con- 
trolled. 56; hygiene of, Jl; of 
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and inserlion of, sj; 
iry, ifia. iSi; pans of. 
:[us abdominiB, 56; apt- 
lysLology of, 64; varie- 
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Muscular fibres, 58 



Myopia, sjfi 
Myopic eye, 116 
Myosin, 16, 6r. 93 



241; super 
sym patheti< 
Nerve-cells, i 



.Lary, g^J; oph[hal] 



Ner"eir \ . 



Nilrugen-txctc[ing 



2^1; trophic, 897 

1. aaa. a34, 246 
aflerenl and et!er- 



Nulriiiun, 86; of cells, am 
Nuiriiive lissucs, 236 
Nutriiive value IST tlilTrr 



Occipital bonei, 
Odonluid (loolh-like) procei 
Iho axis, =3, 50 



OiTi^iee Falb) 
Oleic BCid, 16 
Oleine. lb. 9i 
Olfactory lobes, 339 

Ophlhalmic nerves, yt 

Optic commissures. 2^ 

Optic nerves, yo, 265 

Organ, definition of. 3:circula- 
lory. Sjj 163. "M; digestive, 
as, lo&i nitrogen.<;xcreling. 
3'5: of hearing, aja; of sight, 
Z6S. of smell, 236: of lasle. 



rory, 85. 133 
Organ of Corli, 
Organic^ constil 



Osygen absorptio 
lungs. Ila 2i±; 
'55: inliuente o; 
STthe blood, 1 
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4*4 



jmex. 



mken up liy ihc lungs i 



I'hyaiolagicali 
Physi<.U.gy. h 



rieial hones, aa 
ralid gland, M9 
■ella (kn==.capl.ii 



■ girdle, 20; 



scuUr ti 



LS fou 



ila-ao 



I'lcura. 123 
Pleuriay, 18; 

Pneumogaalnc nerves, i8j, ya 
Poison, deAnltlon of, 33 
PolygBslrit musclea, 56 
Pons Varolii, 333 
Popliical artery, 130 
Pork, nutritive value of, 37 
Portal citculatlon, 172 
Portal vein, laB, 



Pota 



Pepper, use of, as a food, 52 
Pepsin, 131, 135 

Peptones, 135; absorption of, 
M± 

Pericarditis, 165 
Pericardium, rfls 
Perilymph, sBo 



Phagocytosis, 151 
Phalanges of fingers, 21^ 31 
toes. 22, 39 



"WBphate oi lime, 1^ iJi 



tyalin, HI 

nlleys inlhc body, 6; 
ulmonnry artery, lOj 



113 



nonary veins. 1O2 
Pulp cavity of toolh 
Puise, iM; disappi 
■ capillaries and veins, y 
ird atid soft, iM ; rate 
& 

il, 270, 323 

' 'fi ft h II 
Pyramids of Malpighi, 217 
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Racemose [acinous] glands, to-, 

Ra^l arlery, m, iBS 
Radius, 3ij 39 

ijS ; voluniflf)', 134 
RcceptLwe organs of Hie bod > 

ma 

Rectus abdominis muscle, 56 

tion of, ^''f JncliinoT,''^ 
of man. ya ; of other an: 
mals, 150 
Rerl marrow. 3S 



'59 

Reltaciing media of Iht eye, 

369. 374 
Rena! arteries, ijo, 215, jifl 
Renal secretion (urinelT aig 
Renal veins, 215 
Renoin, 131 

Reproductive tissues, SB 

Respiration, 85^ abdominal, ?o6; 
chemistry olTiog; costal, ao6; 
hygiene of, 105, £12; nervous 
tonlrol of, 205; object of, 193 

Respiratory organs, 85, 19^ ; 

anatomy of, igj 
Respiratory sounds or mur- 



inning, y 
CHUM. 2i 25 



fjj; uses of. 133 
Salivary glands, ug 



body, is; importance of, as 
food, 36 

Safc''o'lemml°"i^ 

Scapula (shoulder-blade), =0,39 

Sclerotic, 269 

Scurvy, 98 

Sebaceous glands (oil glands). 
221 

Sebaceous secretion, 22; 

Secretion, internal, of glands, 
109; of gastric glands, lai. 
Lis; of glands of small intes- 
line, r4Q; of kidneys, 21g; of 
lachrymal gland, 26;; of 
liver, 123, MO (see Bile); of 
Meibomian "raiicles, 262: of 
pancreas, 132 (see Pancreatic 
secretion); of salivary glands, 
13. (see Saliva); of sebaceous 



nsallon anl^otion. relation 
between, 353 



264; dermal, jflj 
Sensory (aftcrcniynerves, ; 



Serum albumin, m cobe 

tion of, 155 
Seventh pair cranial (fa 

nerves. 242 
Shaft of bones, jS 
Short bones, 35 
Short sight (myopia). 32= 
Shoulder girdle (see Peel 

arch) 

Shoulder joint, 32, 49 
Sbower batlis, 23^ 
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Sight. 



of, i6s; 0 



Sigmoitl flexute, 137 

Sixth pair cranial (abducenlea' 

nerves, 242 
SLelcton. appendicular. 2U; axi. 

al, ao; composition of, uj ol 

lower limb, of uppei 



humj 



. 33 



Skin, 32a: as a sense-org'an, 
211; glands of. 226; histology 
of, j3o; hygiene of, zsj 
Skull, 2S, 28; peculiarities in 
n of, 3J 



: 156 



. 123; f 



arption from, yi; glands 
', Hi; lymphatics of, la^; 
ucouE coat of, 123; muscu- 
r coal of, 12s; villi of. 



Special physiology of muscles 



Spec 



Spinal accessory nerves. 2^ 
Spinal cord, J, 235; (unctions 

of,iy 
Spinal ganglia, 243 
Spinal nerves, an 
Spina- " 



Spinous process of ve 

(neural spinel, U 
Spleen, 163, Iga 
Spongy (cancellated) bon 
Sprains, y 
Standing, 6; 

Starch. 93; action of bi 
ilo; of gastric juice o 



mn) 



Stimulants, g; 



Tian artery, i6g 
juai gland, Mg 
xillary gland, iig 



milk {lactose), 16,95 
maxillary nerve, 



Supplemental air, 133 
Supporting tissues, 296 
Suprarenal capsule 
Swallowing (deglutition), ! 



Sweat (sudoriparous) glands, 

■"0, 22fi 
Sweetbread (see Pancreas) 
Sympathetic nerve centres, 2, 

10, 3ia; ganglia of, 243 
Synovial fluid. ^ 
Synovial membrane,^ 
Synlonin, 61, 03 



Systole 
T*EU1.A 
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Teeth, characteristics of Ind!- 
of, ua; hygiene of, iijj kinds 

Temperature^ the body. 76; 
regulation of. ij; regulation 
by means of sweat glands, 
aafi (foot note) 



INDEX. 4r 
Triceps muscles, definltioa o 



d{pne 



TentJons, i3. 
Tenth paircrj 

Thein, gs 

Thigh bone (femur). 
Third pair crania 
oculi) nerves, zja 
Thirsi. 26i 



Thor 
Thor 



ateemi 



largi-ment of. 200 
Thyroid cariilage, 230 
Thyroid glands, 293, 300 
Tihia, 21. 39 
Tibial artery, LJO 
Tidal air, 122 
Tight lacing, evil effec 

Timbre, 23i 



differentiation of, 296; nerve. 
W. non-vascular. i.t3: plain 
muscular, jg; striped muscu. 
lar, ^7;aiibcuianeouB areolar, 
222; ultimate structure of, li 
Tone, 282; fundamenlat, 2£2 
Tongue, MS; furred, llj 

Touch, "233 
Toxin, 302 

Trachea (windpipe), 6, I9S; 
structure of, rtj} ■ 

Transverse ligament ol tbc at- 
las, 35, 52 

Tiiceps muscle, ^ 



Tricuspid valve, l6g 
Trigeminal nerves, 241 
Trophic nerves, 252, agj 
Trypsin, m 
Tubular glands, lOJ, 109 
Turbinate bones, sg 
Turnips, nutritive value of, 98 
Twelfth pair cranial {hypoglus- 

sal) nerves, y3 
Tympanic membrane, 223 

Ulna, 21^ 33 
Ulnar artery, i;o 
Undifferentiated tissues, liB 

:at. uS 
Uiislripcd muscle cells, fio 



UvnI. 

Vaccima (cowpoji), 303 
Vagi, 2i2 

Valves, auriculo . ventricular, 

.Tr?-.._. " --ar. ifiti. 



Valvulte 



13% 



Veins, l6<. \Ti; absence of 
pulse in, i8q: circulation in. 
186; valves of the. in 
Veins, coronary. i6Bl hepatic, 
m; hollow (veniB cava). 166: 
portal, 128. i;7; pulmonary, 
162; renal, 215 
Vegetable casein, 93 
Venre cavte (hollow veins\ l6a 



a bloo 



Ventilation, a 10; methods ol. 



DlgiliJBdby CaOgle 



INDMX. 



Ventral (hamal) cavity. JJ con. 

lents of. 5, 1, W 
Van trie les, 1S6 
Ventricular contraction. iSl 
Vermiform appendix. u6 
Vercebrip, 23, 3^ structure of 

b 1 1 ( ■ b t 
bone), 5. 20, 33, a?: curvature: 
of, aj; mechanism of, 25; pc 
culiarities of human. 2i 



Villi of small 



il appar 



Vitreous humor, 270 
Vocal cords, 288, sgi 
Voice, 383; range of human, 

luscles, 53 (see also 



foot-i 



Vomer, 2[j 



Walking, 6g 

Warm baths, 220 

Wastes of the body, 83J remova' 
of, lii, yS 

Water, as a constituent of tht 
body, I£i as a food, 90, 35 
as a force regulator, gi \ as a 
waste product, Bu quantity 
of, lost ihrouKl] the liidneys, 
2rq: through the lunga, 203] 
through the skin, 212 

Wheal, nutritive value of, 91 

Whipped (deGbrinatedJ blood. 



Windpipe (see Trachea) 



the body 10 do, y; it 
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